


Srconp Epition, Revised and Entarged. 163. , 


THE DESIGN OF STRUCTURES: 


A Practical Treatise on the Building of Bridges, Roofs, &c. 


By S. ANGLIN, C.E., | 
Master of Engineering, Royal University of Ireland, late Whitworth Scholar, &c. 


With very numerous Diagrams, Examples, and Tables. 
Large Crown 8vo, Cloth. 


The leading features in Mr. Anglin’s carefully-planned ‘‘ Design ‘of Struc: 
tures” may be briefly summarised as follows :— Bee ae 


1. It supplies the want, long felt among Students of Engineering and 
Architecture, of a concise Text-book on Structures, requiring on the part of 
the reader a knowledge of ELEMENTARY MATHEMATICS only, 


2. The subject of GRAPHIC STATICS has only of recent years been generally 
applied in this country to determine the Stresses on Framed. Structures; and 
in too many cases this is done without a knowledge of the principles upon 
which the science is founded. In Mr. Anglin’s work the system is explained 
from FIRST PRINCIPLES, and the Student will find in it a valuable aid in 
determining the stresses on all irregularly-framed structures. 


3. A large number of PRACTICAL EXAMPLES, such as occur in the a area 
experience of the Engineer, are given and carefully worked out, some being 
solved both analytically and graphically, as a guide to the Student. 


4. The chapters devoted to the practical side of the subject, the Strength of 
Joints, Punching, Drilling, Rivetting, and other processes connected with the 
manufacture of Bridges, Roofs, and Structural work generally, are the result 
of MANY YEARS’ EXPERIENCE in the bridge-yard; and the information given 
on this branch of the subject will be fonnd. of great value to the practical 
bridge-builder. 


‘* Students of Engineering will find this Text-Book INVALUABLE." —A rchitect. 


“The author has certainly succeeded in producing a THOROUGHLY PRACTICAL Text- 
Book.” —~Butlder. 


“We can unhesitatingly recommend thie work not only to the Student, as the pesT 
Text-Book on the subject, but also to the professional engineer aS an EXCREDINGLY 
VALUABLE book of reference.” —Mechasical World. 


‘This work can be CONFIDENTLY recommended to engineers. The author has wisely 
chosen to use as little of the higher mathematics as eek and has thus made his book of 
RKAL USE TO THE PRACTICAL ENGINZER, . . . After careful perusal, we have nothing but 
praise for the work." —Nature. 


LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 


Griffin's Standard Publications 


FOR ENGINEERS. 


Applied Mechanics— 
(Advanced), 
(Student’s), 

Civil Engineering, 
Bridge-Construction, 
Design of Structures, . 
Sewage Disposal Works, 
Traverse Tables, 

Marine Engineering, 
Stability of Ships, 

The Steam-Engine— 
(Advanced), 
(Student’s), 

Gas, Oil, and Air-Engines, 

Boiler Construction, 

» Management, 

Fuel and Water (for 
Steam Users), 

Machinery and Millwork, 
Hydraulic Machinery, . 

Chemistry for Engineers 
and Manufacturers, 

Caleareous Cements, 

Engineering Drawing— 
I. Geometry, 

Il, Machine Design, 

Useful Rules and Tables 

for Engineers, &e., . 
Electrical Pocket-Book, 
Electrical Price-Book, 


Graphic Tables for Con- 
version of Measurements, Pror. Rost. H. Smirs, 


Marine Ene Cees Rocket: 


Book, 


Pror. RANKINE, . 13/6 
Pror. JAMIESON, 3/6, 8/6 
Pror. RANKINE, 16/- 
Pror. FIDLER, 30/- 
S. ANGLIN, . 16/- 
Santo Crimp, 30,/- 
R. L. Gurpen, 21/- 
A. E. Sraron, 21/- 
Sir E. J. Resp, 25 /- 
Pror. RANKINE, . 12/6 
Pror. JAMIESON, 3/6, 8/6 
Bryan DonkIy, 21/- 
T. W. TRAILL, 19/- 
R. D. Muwro, 4/6 
ScHWACKHOFER AND 9/- 
BRownNE, 
Pror. RANKINE, 12/6 
Pror. Ropinson, 
Buount anp BiLoxam, 
G. R. REDGRAVE, 8/6 
8. H. WELLs, 3/- 
- . 4/6 
Prors. RANKINE AND 
JAMIESON, 
Munro And JAMIESON, 8/6 
H. J. Dowsina, . 8/6 
7/6 


Seaton anp Rountuwaits, 8/6 


*,* For Details regacding the above Standard Works, see the Catalogue 
t the end of this volume. 


LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND, 


THE 


DESIGN OF STRUCTURES: 


QO Practical Treatise 


ON 


THE BUILDING Yxy. ROOFS, é&e. 
\ \ +4 


S. fASESLIN,-.6. E., 
MASTER Mesliih anki’ init auheailiomgdd IRELAND, 
LATE WHITWORES OLAR, ETC. 


SECOND EDITION, REVISED AND ENLARGED. 


With Wumerous Diagrams, Examples, and Tables, 


LONDON: 
CHARLES GRIFFIN AND COMPANY, LIMITED; 
EXETER STREET, STRAND, 
1895. 


[Al Rights Reserved.] 


PREFACE TO THE SECOND EDITION. 


CONSIDERABLE pains have been taken to make this 
Edition as complete as possible, the previous Edition 
having been carefully examined and revised. Several 
Tables, which cannot fail to be useful to the Engineer, 


have been added, in the form of an Appendix. 


Bowpon, Auywst, 1895, 


PREFACH. 


In undertaking this work, my principal object has been to 
supply the want, long and universally felt among Students 
of Engineering and Architecture, of a concise Text-book 
on Structures, requiring on the part of the reader a 
knowledge of elementary mathematics only. In order to 
obtain complete information on the subject it has been 
necessary, hitherto, to consult a large number of books, 
and these, morcover, have been generally too advanced for 
the average student. The present work is an attempt to 
remove, or at least to minimise, these disadvantages. 

Throughout, my aim has been to treat the different 
branches of the subject from a practical, as well as from a 
theoretical, stand-point ; and with this object I have intro- 
duced, and carefully worked out, a large number of Practical 
Examples such as occur in the every-day experience of the 
Engineer. Several of these Examples are solved both 
analytically and graphically, one method being used as a 
check upon the other. 

The subject of Graphic Statics has only of recent years 
been generally applied in this country to determine the 
Stresses on Framed Structures; and in too many cases this 
is done without a knowledge of the principles upon which 
the science is founded. I have tried to explain it from first 


vil PREFACE. 


principles, and the student will find in this system a 
valuable aid in determining the stresses on all irregularly- 
framed structures. 

Although the work has been designed mainly for the 
class of readers above referred to, itis further hoped that it 
may prove a useful book of Reference to those engaged in 
the profession generally. Several chapters are devoted to 
the practical side of the subject—those relating to the 
Strength of Joints, and to Punching, Drilling, Rivetting, and 
other processes connected with the manufacture of Bridges, 
Roofs, and Structural work generally, being the result of 
many years’ experience in the bridge-yard ; and it is hoped 
that the information given on this branch of the subject 
may be of value to the practical bridge-builder. 


S. A. 


Prestwich, January, 1891, 
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DESIGN OF STRUCTURES. 


OHAPTER I. 


STRESSES AND STRAINS. 


1. Framed Structures.—A framed structure in wood, iron, or 
steel is generally understood to be an assemblage of different 
members composed of these materials, which are joined together 
by straps, bolts, pins, or rivets, and arranged in such a manner 
as best to contribute to the stability of the structure itself ; and 
of such form and dimensions as are best adapted to withstand 
the various stresses and strains to which they may be subjected 
from the application of external loads or forces. 

This is a definition altogether from a utilitarian point of view 
Other considerations from an esthetic standpoint have their 
weight in determining the best form of a structure ; it usually 
being desirable to produce something which shall be pleasing to 
the cye and in harmony with the surroundings. 

2. The constituent parts of a structure have various names; 
but so far as the kinds of stresses produced in them are con- 
cerned, they may be grouped under the terms beams, struts, 
and fies, or some combination of these. 

Some of the more common forms of structures are girders, 
bridges, roofs, piers, ships, and buildings of various descriptions. 

When a structure is exposed to weights or loads, stresses are 
produced in its different constituent members, and it is the 
province of the engineer to determine the nature and intensity 
of these stresses, and so to arrange and proportion the members 
as best to withstand them, due regard being had to economy and 
artistic effect. 

3. External Loads on Structures.—By the load on a ee 
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is meant all the external forces acting upon it. These in- 
clude :— 

(1) The weight of the structure itself, which is a constant quan- 
tity, and acts vertically. 

(2) In bridges and similar structures they include the weight 
of the roadway, \ which also is constant, and also the live or moving 
loads coming upon them, such as railway trains, vehicular and 
pedestrian traffic, &c., which vary in amount. All these forces 
act vertically. 

(3) Wind pressure, which affects al] exposed structures. This 
is a variable force acting horizontally or nearly so, and in some 
cases 1s the most important of all the external forces. 

4. Stresses and Strains.—All members of a loaded structure, 
except those inserted for ornament, are exposed to stresses and 
strains. These two terms are often used indiscriminately as 
meaning the same thing; strictly speaking, however, this is not 
so, and in this work cach term will (as far as possible) be used 
in its proper sense. Gencrally speaking, they represent cause 
and effect. 

A strain is a change of form. When an external force acts 
upon a bar of any material, it produces in it a change of form, 
no matter how minute. It may elongate it, or shorten it, or 
bend it. This change of form is termed a “strain.” Strains 
may be temporary or permanent. Tf, after the force be removed, 
the bar regain its original shape and dimensions, the strain on 
itg fibres will only be ‘temporary, and only last during the uppli- 
cation of the force. If, on the other hand, the bar do not 
regain its original shape and dimensions after the removal of 
the force, it is said to be permanently strained. 

By a stress is meant the internal force or resistance sect up in 
the fiores of the bar in opposing the strain. 

The stresses in materials are proportional to the strains, so 
long as there is no permanent alteration in the form of the body 
actea upon. 

There are three kinds of stresses and strains :— 

(1) Compressive or positive stresses and strains. 

(2) Tensile or negative stresses and strains. 

(3) Shearing stresses and strains. 

If a bar of any material be acted upon by two equal forces 
applied at its extremities, and acting away from each other in 
the direction of its length, it becomes extended, and the strains 
produced in the fibres are said to be tensile or negative strains. 

The stresses or resistance to the straining action on the fibres 
are, in like manner, termed tensile or negative stresses, 
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Tf, on the other hand, the bar be acted upon by two equal 
forces acting towards each other, it becomes shortened, and the 
strains and stresses generated are termed compressive or positive 
strains and stresses. 

A tensile stress on a bar tends to cause its failure by lengthen- 
ing and ultimately tearing apart its fibres; a compressive stress 
induces failure by shortening and ultimately crashing its fibres ; 
and a shearing stress produces failure by causing one part to 
slide across the other, or by euwtiing it across. 

Besides these three kinds of stresses, there are others which 
are frequently to be met with, the most common of which are 
transverse or bending stresses and torsional or twisting stresses, 
with their corresponding strains; but these and other forms, as 
will subsequently be shown, may be resolved into one or more of 
the three elementary forms named. 


5. Measurement of Stresses and Strains —In England and 
where English standards are adopted, a stress is measured by 
so many pounds, cwts., ortons. <A wnt stress is usually measured 
by so many pounds, ewts., or tons per square inch of sectional 
area of the body under stress. According to the French 
standards of measurements, the unit of stress is reckoned as 
so many kilogrammes per square centimetre. If the stress on 
a bar of iron 2 inches square be 50 tons, the unit stress, or stress 
per square inch, will be 12:5 tons. The corresponding unit stress 
in French measure is 1,968 kilogrammes per square centimetre. 

A strain is usually wneasured in inches or parts of an inch. A 
unit strain is measured in parts of an inch per lineal foot of the 
bar under strain, or 1 may be measured as so much per cent. of 
the Jength of the bar. If a bar of steel 2 feet long, under a 
certain tensile stress, be lengthened by half an inch, the strain 
produced is equal to }inch per foot, or 2-08 per cent. of the 
length of the bar. 


6. Tensile Stress.—Fig. 1 is an example of tensile stress. A 
bar, @ 6, of section A square inches, is suspended at one 
extremity, @; and a weight of W tons is hung from the other 
end, 6, The bar under these conditions is said to be subjected 
to a tensile stress of W tons throughout its entire length, or to 


® unit stress of W tons. 


A 


7. Compressive Stress.—Fig. 2 is an example of compressive 
stress. A pillar rests on the ground, and a weight of W tons rests 
on the top. The pillar is under a compressive stress of W tons, 
and if A = its sectional area in square inches, the fibres are 
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subjected to a compressive stress of - tons per square inch 


bs ee its entire length. 

8. Shearing Stress.—Figs. 3 and 4 are examples of shearing 
stresses. Two links of iron or steel are joined together by a 
pin of the same material, and are exposed to forces of W tons 
acting in the directions of the arrows. 

In both cases the pin is subjected to a shearing stress. In 
fig. 3 the pin is exposed to a stngle shearing stress of W tons 
at its section, a 6, and is said to be in single shear, and if 
A = number of square inches in its sectional area, the shearing 


stress per square inch on the pin = al tons. 





I a) ae 
Fig. 3. 
ab 
! - ED 
Secs A oe ae a ats 
vaninsnaecelipiaaridinwa tits ¢ 38 
Fig. 1. Fig. 2. Fig. 4 


In fig. 4 the pin is exposed to a double shearing stress at its 
sections, a 6, and ¢ d, and is said to be in double shear. The 
shearing stress at each section is equal to x tons, and if 
A, = sectional area of the pin, the shearing stress per square 


inch upon it = From this it is apparent that the sectional 


WwW 
2A, 
area of the pin in tig. 4 need only be one half of that in fig. 3, 
in order to be of equal strength. 

9. Transverse Stress.—Fig. 5 is an example of transverse or 
bending stresses. The beam, A B, rests on two supports at 
A and B, and is loaded at an intermediate point by a weight, 
W ; the beam in this condition is said to be exposed to a bend- 
ing or transverse stress; but, as will 


@) be shown in a future chapter, the fibres 
omen §6in the upper portion of the beam are 
| -. subjected to a compressive stress, and 

Fig. 6. those in the lower portion to a tensile 


| stress, while shearing stresses also 
come into operation throughout the beam. 


TORSIONAL OR TWISTING STRESSES, § 


10, Torsional or twisting stresses do not often occur in the 
members of structural work; but they are to be met with in 
the shafting of machinery of all descriptions. 

It is usually assumed that the stress on a bar is uniformly 
distributed over the whole cross-section of the bar. This is 
generally true as regards tensile and compressive stresses 80 
long as the bar is of a compact form. It is only approximately 
true, however, when applied to shearing stresses, and the form 
of the pin or bar exposed to this stress has something to do with 
this want of uniformity. It has been found from experiments 
that the maximum intensity of shearing stress on a round pin 
is somewhat greater than the mean intensity, and with a pin of a 
square or rectangular section, the difference is greater still. For 
all practical purposes, however, it may be assumed that the stress 
ig uniformly distributed over the section. This being so, if 


jf = unit stress, or number of Ibs. or tons per square inch 
of section of the bar. 

a = number of square inches of sectional area of the bar. 

F = total stress in lbs. or tons on the bar. 


Then F=af . ; » (1). 


Example 1.—If the ultimate tensile strength of mild steel be 
32 tons per square inch, what force will be necessary to tear 
asunder a bar of this material 4 inches in diameter ! 


Here f = 32 tons, a = @ x (2)? = 31416 x 4 = 12°56 8q. ins, 
Substituting these values of f and a in equation (1), we get 
F = 32 x 12°56 = 402 tons, 
which is the tensile force necessary to rupture the bar. 


Example 2.—What force will crush a short column of cast 
‘iron, 8 inches in external, and 6 inches internal diameter, the 
ultimate compressive strength of the metal being 40 tons per 
square inch ? 


Sf = 40. 
a = sectional area of column = a { (4)?—(3)®} = 22 sq. inches, 
Required force F = 22 x 40 = 880 tons. 


Example 3.—If the bars shown in fig. 3 be pulled with a 
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force of 50 tons acting in opposite directions, what must be the 
diameter of the pin so that the shearing stress on it may ‘hoe 
equal to 10 tons per square inch ? 


Let d = required diameter. 
We have then a = ‘7854d% f=10. F = 50. 


From equation (1) we have, by transposing, 


F 50 
a pe 7854 d? = {6 = 5. 


d? = 6°36, or d = 2°5 inches, the required diameter. 


Example 4.—In the last example, if the pin be in double shear 
as shown in fig. 4, what must be its diameter in order to fulfil 
the same conditions 1 


Using the same notation we get 


a=2x ‘7854 d2. 
2 x ‘7854 d? = 5, or d®? = 3°18. 
d = 1:79 inches. 


Example 5.—If a rectangular tie-beam of oak, 6 inches by 4 
imches, be subjected to a tensile stress of 50 tons, what will be 
the stress per square inch exerted on its fibres 4 


¥F = 50. a=6 x 4 = 24 sq. inches. 


F 50 


fru heey tae 2°08 tons per sq. inch. 


Example 6.—A bar of wrought iron of any uniform section is 
suspended from one end, and hangs vertically, what must be 
its length so as to break by its own weight, the ultimate strength 


of the iron being 20 tons per square inch, and the weight of a 
cubic inch being 0-28 lbs. ? 


Let / = length of the bar in feet. 
@ = its section in square inches. 


gree alg asl i = 90 x 2940 x a. 


| ee mY 12x 8x axl = 836al, 


DONG STRUTS. ¥ 


These twe expressions must be equal to each other, or 


3°36 x @ x 1 = 44,800 x a. 
or 1 = 13,333 feet. 


It will be sean from this that the section of the bar does mot 
affect the length under the conditions stated. 

Example 7.—Two round steel bars, each of 2 inches diameter, 
are joined together by means of a steel pin in the manner shown 
in fig. 4. If the ultimate strength of the steel to resist tension 
be 30 tons per square inch, and its ultimate shearing strength 
be 24 tons per square inch, what must be the diameter of the pin 
so as to be equal in strength to the bars ? 


Let d = required diameter. 


Strength of pin to ae -~2 x 24 x -7854d2 = 37-7 d2 tons. 
shearing 


Tensile strength of bars = 30 x -7854 x (2)? = 94-248 tons. 


These two expressions, according to the conditions of the 
question, must be equal to each other, or 


37°7 d? = 94-248, 
ord = 1:58 inches, 


which is the required diameter of the pin. 


ll. Long Struts.—The rule embodied in the formula F = af, 
does not hold when applied to compressive stresses, if the 
diameter of the bar or column is small in proportion to its 
length. Long bars when subjected to a compressive stress in 
the direction of their length do not break entirely by crushing. 
They have a tendency to become deflected laterally, and to break 
partially by cross-fracture. 

This happens in bars made of iron or steel when the length of 
the bar is more than five times its diameter, or least thickness; 
and in the case of wood when the proportion exceeds 10 to 1. 

Members of this kind are termed “long struts,” and their 
strengths will be investigated in Ohapter XI. 
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TABLE I],—Weiaut or MATERIALS (Molesworth). 


Specific Weight of a} Weight of a 


METALS. gravity. | cubicinch. | cuble foot. 

a Ibs. Ibs. 

Copper, cast,. «© © » «© 8°607 0°310 527°3 
Tron, cast, from, , ; : : 70 0°252 437-0 
» 99 «0, wl : 7°6 0:273 4744 
9» )=— ogg: AVETARE, ’ ° ’ 7'23 0°26 451°0 
»» wrought, from,  , ae 7°6 0-273 474°4 
” » ‘to, , . 78 0281 486°9 
»” 3) +«-average, ° ° 7°78 0-28 485-6 


11°36 0-408 708 5 
13°596 0-491 §48 ‘75 
8:0 0°288 499°0 


Lead, cast, . ; ‘ , : 
Mercury, ‘ : , . : 
Steel, a td s e td e 


8°4 0°30 §24°4 
8464 0:306 528°36 


Brass, cast, . ; ; ‘ : 


Gun-metal, 10 copper, 1 tin, . . 


TIMBER. 
Ash,from, . . +» +» « 0-69 0-025 43-0 
9» tO, . 8 © 8 8 0-76 0027 47°0 
Beech, from, . ° , , . 0°69 0°025 43-0 
ne) ee . 8 0-696 0°025 43-0 
Cork, . «© © 6 « + 0-240 0-008 15-0 
Deal, Christiania, . 3. » . 0-689 0025 430 
Elm, English, from, .  , , 0°553 0-02 34:0 
on » +o, a 0579 0-021 36-0 


Tin, cast, . . , . . 7291 0-262 455°] 


99 Canadian, * t ° s 0:°725 0°026 45 0 
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TABLE I,—Wetaut or Materiats (Continued). 








TIMBER (Continued), pea bili pe bie fat 

—* Ibs. | Ibs. 

Fir, Spruce, . : ; 0°512 0-018 32°0 
Larch, from, . “ 4 : 0:543 0:019 340 
» to, , e ‘ ; 0°556 0:02 35°0 
Oak, African, ‘ ‘ ‘ ; 0 988 0:035 62:0 
», American, red, ‘ ; : 0°850 0030 53°0 
ss ws white, . ; . 0°779 0:028 49°0 

», English, from, : ; ' 0°777 0:028 480 
6 se.  b05 . ‘ . 0-934 0-034 58°0 
Pine, red, from, . ; : ‘ 0576 0-021 36°0 
sn oe 0OR : ; : ; 0°657 0024 410 

»» white, from, ‘ , jj 0°432 0°015 7°0 
29 » wt, ; : . 0°553 0:020 34°0 
STONEs, &c, 

Basalt, Scotch, : : ; : 2°95 0°106 184 
Chalk, from, . ° ° ‘ ‘ 2°33 0°084 145 
» ©, 6 . ; : ‘ 2 62 0:094 162 
Granite, Aberdeen, ; ; ; 2°62 0°095 165 
Limestone, Compact, . , ‘s 2°58 0:093 161 
Pa Purbeck, . ‘ 2°6 0-093 162 
Blue Lias,  . : o 2°467 0-0S9 154 
Sandstone, Arbroath pavement, . 2°477 0°089 155 
r Yorkshire paving, ; 2°5) 0-09 157 


Slate, Welsh, - ow. ws 2-88 0-104 180 





40 STRESSES AKD STRATA. 


TABLE I.—Werieat or Marerrats (Continued). 


ere nr 








Specific Weight ofa| Weight of w. 
MISCELLANEOUS SUBSTANCES. gravity. | cubic inch. | cublo foot. » 








Asphalte, : : : ° . 2°5 
Brick, common, from, . ° . 1°6 
” ” to, ° sv 4 2-0 
», London stock,  . : . 1:84 
>» ved, . : - , ‘ 2°16 
Cement, Portland, in powder, from, 3:1 
“ a = to, 3°155 
Clay, . ‘ ‘ ‘ ‘< : 1°9 
Coal, anthracite, . . ‘ : 1°53 
», cannel, ‘ é é ‘ 1'272 
Coke, . ‘ : * P : 0'744 
Earth, from, . e ° ° : 1°52 
» to, . . ° ° . 20 
Glass, flint, . P zs P 5 3078 
Mortar, from, ° ° ° ‘ 1°38 
bo, ° . . . 19 
Pitch, . . pi ° ‘ ‘ 115 
Sand, quartz, ‘ : > ‘ 2°75 


»»  Tiver, 7 ° . ‘ 1°88 
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CHAPTER Il 
ELASTICITY AND FATIGUE OF MATERIALS. 


12. Elasticity —There are other properties of materials which 
make them valuable for structures besides their tensile, com- 
pressive, and shearing strengths. One of the principal of these 
is elasticity. 

Elasticity is the term applied to that property which materials 
possess of returning to their original size and shape after they 
have been strained; and a material is said to be elastic if the 
strain disappears after the stress has been removed. 

When a gradually-increasing tensile stress is applied to a bar 
of iron, steel, or other material, it becomes elongated or stretched, 
and the amount of this elongation, or increment of length, within 
certain limits, is proportional to the stress applied. The same 
law holds good if the bar is subjected to a compressive stress. 
In this latter case the bar is shortened, and the amount of 
shortening, or decrement of length, is proportional to the stress 
within the limits named. This principle is known as Hooke's 
law of wniform elastic reaction, or the law of elasticity, to which 
the discoverer applied the Latin phrase “ U¢ tensio sic vis.” 

The truth of this law has been proved by more than one 
experimenter. The late Mr. Hodgkinson instituted an elaborate 
series of experiments on cast and wrought iron, subjecting these 
materials both to compressive and tensile stresses, and the 
results he obtained practically prove the truth of the above law, 
so far as these materials are concerned. 

13. Limits of Elasticity —The limits of stress, between which 
bodies are elastic, are termed their limits of elasticity. The range 
of these limits is very much greater in some materials than in 
others. Lead, for example, has little or no elasticity. Ifit be 
strained to any appreciable extent, it will be found that when 
the stress which produces the strain is removed, the strain itself 
does not suffer any appreciable diminution. Lead, therefore, 
may be called a non-elastic substance. On the other hand, glass 
is very elastic. If it be strained just up to its breaking-point, 
when the stress is removed, it regains its original dimensions. 
Tron and steel occupy a position intermediate between lead and 
glass as regards their elasticity. They are elastic, or nearly so, 
ap to about one-half of their ultimate strength. When a bedy 
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under stress passes its elastic limit, the increments or decrements 
of length increase at a much more rapid rate until finally rupture 
takes place. 

14. Elasticity a Measure of Strength.—The elasticity of a 
material as used in a structure is a very important measure of its 
quality, even more so than its ultimate compressive or tensile 
strength. 


15. Modulus of Elasticity. — 


Let L = length of a bar in inches ; 
P = stress applied to it in tons per square inch ; 
¢ = increment or decrement of length in inches arising 
from the stress P, 


From Hooke’s law, when P varies, / will vary in the same pro- 


portion, so that the expression ee is a constant quantity for 


all values of P within the elastic limits of the material. This 
expression is termed the modulus of elasticity of the material, 
and is usually represented by the symbol E. Consequently we 
have 

Px L 


B=". 1 wD) 


In this equation, if we put L = /, we get E = P, so that the 
modulus of elasticity may also be detined as that tensile force in 
tons per square inch which, if applied to a bar, will double its 
length, on the assumption that the material is perfectly elastic 
up to this point. Of course, it is unnecessary to remark that no 
structural material with which we are acquainted fulfils this 
condition. 

16. Methods of Determining the Modulus of Elasticity —The 
modulus of elasticity may be determined without much difficulty 
for different materials in three different ways :— 

(1) By exposing a bar of the material to a direct compressive 
stress, and observing the decrement of length. 

(2) By exposing the bar to a direct tensile stress, and observing 
the increment of length. 

(3) By exposing a beam of the material to a transverse stress, 
and observing the deflection. 

The modulus, as determined by these three methods, is some- 
times different. It has been found for most materials that the 
compressive modulus is different from the tensile modulus, and 
that found by transverse stress different from both. For wrought 


DEFLECTION OF BEAMS. 13 


iron and cast iron the tensile modulus is greater than the com- 
pressive modulus, which shows that these materials yield more 
to compression than extension. 

The moduli, as found by the first and second methods, are 
calculated by the aid of equation (1). 

As an illustration, suppose we take a bar of wrought iron, 
20 feet long and 1 square inch in section, and expose it to a 
tensile stress of 1 ton, it will be found to be elongated by about 
7x part of an inch. We have here all the data necessary for 
etermining the tensile modulus of elasticity of the iron. 


L= 20 x 12 = 240inches. 2? = ‘02 inches. P = 1 ton. 


Substituting these values in equation (1) we get 


E = Beir — = 12,000 tons. 


No two bars of the same material will give precisely the same 
results. This is not to be wondered at, considering that the 
least irregularity or flaw in the fibres, or even the manner in 
which the stress is applied, will vary the result considerably. 

The following is the method of finding the modulus of elasticity 
by transverse stress. Take a rectangular beam of the material, 
and lay it on two supports, and load it at the centre. 


Let 7 = span of the beam in inches. 
6 = breadth of beam in inches. 
d = depth Pe sf 
W = weight in lbs. applied at the centre. 
6 = central deflection of the beam in inches. 
E = modulus of elasticity in lbs. 


We have the following expression for determining E— 


we 
E = GS: U!:C (2). 

This rule assumes that the material in the top of the beam is 
compressed by the same amount that it is extended at the 
bottom, or that E is the same for compression as for tension. 

17. Deflection of Beams.—From equation (2) the central de- 
flection of rectangular bars or beams of different materials by a 
central load may be determined, when the modulus of elasticity 
is known. 
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We get by transposing 


8 
3 Wi 


~ £Bba8 - = 


TABLE IL—Mopvuvs or Evasticrry. 


(3). 


E = modulus of elasticity in tons; one inch being the unit of area, 
W = weight in tons each square inch will bear without producing a 


perceptible permanent set. 
E, 

Cast iron, average, . ; Se - « 6,250 
Wrought-iron plates, with the fibre, ong 11,000 

ss 9» across ,, ‘ ‘ 12,000 

ie average, , , ' ‘ ; 11,600 

9 bars, - = ee s 13,000 
Mild steel, ‘ : . ; ‘ ‘ : 13,200 
Cast steel, tempered, : : ‘ : : 16,000 
Ash, . . : ‘ ‘ ; i ; 732 
Beech, . ‘ ; ‘ ‘ ; ; ; 600 
Elm, eS OD a 500 
Oak, - ee lee | G50 to 800 
Red pine, ee ee oe e. 800 


Example 1.—A rectangular bar of wrought iron, 3 inches 
wide by 4 inches deep, rests on two supports 6 feet apart. 
What will be the deflection of the bar if a load of 1} tons be 
hung from the centre, the modulus of elasticity of the iron being 


12,000 tons % 
Here we have 





6°8 


95 
10°5 
160 
29'0 

17 

1‘4 

13 

18 

20 


} 


b= 3", d=4". l= 72". W=1-5tons. E = 12,000 tons. | 


Substituting in equation (5), we get the deflection — 


) 15 x (72) ee 
‘Tien «Ge 
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Example 2.—It was found by experiment that a beam of oak, 
TZ inches wide by 10 inches deep, placed on two supports 16 feet 
8 inches apart, and loaded with 2 tons at the centre, deflected 
045 inch. What is the modulus of elasticity of the oak? 


W=2 d= 200. b6= 12% d=10. 6 = 0-45. 


Substitute in equation (2), and we find the required modulus— 
2 x (200)8 
B= TTF x (lO x a = 140 tone 

Knowing the value of E for different materials, it is an easy 
matter to calculate the amount of elongation or contraction of 
a bar of any length and section, when acted upon by any 
longitudinal stress within the limits of elasticity, without going 
to the trouble of actually testing it. 

Let K = section of the bar in square inches, equation (1) then 
becomes 


Px L 
Mcp F © & Ay 
From this we get 
I Poe G , 
= K x E e ° . ( ). 


Example 3.—By how much will a tensile stress of 30 tons 
lengthen a round bar of steel, 2 inches in diameter and 20 feet 
long, the modulus of elasticity of steel being 13,000 tons ' 

From equation (5) we have 


30 x 20 x 12 


‘= 31416 x 13,000 


= 0°176 inch. 


Example 4.—If a scantling of beech 2 inches square an‘ 
10 feet long be strained $ inch by a force of 10 tons, what is 
the modulus of elasticity of the becch 3 


Px L 10x 10x 12 


eK ap ee 


= 600 tons, 


It will be seen from equation (5) that the greater the modulus 
of elasticity, the less will be the extension or compression of the 
material for a given stress, and vice versd. The modulus for 
cast iron being considerably less than that of wrought iron or 
steel, it follows that bars of this material will extend or contract 
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structure like a crane, wholly exposed to varying and jerky 
leads, it ought to be higher than in a structure like a bridge, 
or a roof, where the working load is made up of a dead and a 
live load; and still higher than in the case of girders which 
support the walls and floors of a warehouse. 

In fixing the factor of safety, another consideration must be 
taken into account, and that is the nature of the material itself. 
Some materials are more reliable than others; for example, 
wrought iron and steel] are more reliable than cast iron. 

Some engineers prefer to take the elastic limit of the material, 
instead of its ultimate strength, as the basis for fixing its factor 
of safety, and perhaps this is the more intelligent method. 
Experiments made by the late Sir Wm. Fairbairn, and more 
recently by Wohler, confirm this view. This subject is more 
fully treated in the chapter on Bridges. 

21. Proof Strength.—Girders, bridges, and other structures 
are often proved by testing them before they are used for the 
purposes for which they are intended. The proof load may be 
a multiple of the breaking load or of the working load. The 


TABLE IIL (Rankine). 





Uit. Strength. | Ult. Strength. | Proof Strength. 
+ + + 
Proof Strength. | Working Load. } Working Load. 





Strongest steel, . ; : | 14 


Ordinary steel and a 
iron, steady load, ° 14 
Ordinary steel and ee 9 4 to 6 2 to 3 
iron, moving load, . 
Wroughtiron rivetted structures, 3 6 2 
Cast iron, steady load, . . 2 to 3 3 to 4 abont 14 
| »» moving load, : 3 6 to 8 2 to 23 
Timber ; average,. . « 3 10 33 
‘Stone and brick, . . —. | about 2 |} 270005 1 | ay. about 4 





load of a bridge is taken to be equal to the greatest load 
which can possibly come on it. In testing girders, whether of 
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iron or steel, the proof load is usually somewhat more than 
this, Cases have been known when it has been taken as 
high as one-half the breaking load, but this should not be 
allowed, as at this point the limit of elasticity of the material 
may be reached or even exceeded, and a permanent set and 
injury to the material may be produced. Some parts of a struc- 
ture, such, for example, as the links of a suspension bridge, 
may be exposed to a proof stress as high as once and a-half their 
maximum working stress. 

The foregoing table, drawn up by the late Prof. Rankine, 
gives (1) the ratios between the ultimate strength and the proof 
strength ; (2) the ultimate strength and the working load; and 
(3) the proof strength and the working load of different materials 
exposed to different kinds of loads. 

22. Resilience.—When a bar is strained either by a compres- 
sive or tensile force, within the elastic limits, the quantity of 
work done in extending or compressing it is equal to the amount 
of compression or extension multiplied by the mean stress which 
produces it. The term “resilience” is used to specify the amount 
of work thus done, when the stress just reaches the elastic limit. 

Resilience may also be defined to be half the product of the 
stress into the strain, where the stress and the strain are those 
produced when the elastic limit is reached. 


Let W = stress in pounds applied to a bar so as to strain it 
just up to its elastic limit. 
/ = elongation of the bar in feet due to the stress W. 
R = resilience of the bar. 


then R = 4 WZ foot-pounds ye Ae (6). 


The energy thus exerted is stored up in the stretched bar, and 
if the stress be gradually removed, the bar recovers its normal 
length, and the energy is recovered. 

The work done in stretching a bar may be expressed in & 
different form. Thus— 


Let a@ = section of the bar in square inches ; 
P = stress applied in tons per square inch. 
Then W = Pa. 


From equation (1) we get / = a 


Substituting these values of W and / in ee eae (6) we get 
work done in extending the bar by the length /, equal to 
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4 Pa x ee 
2 2 
= * x = ss + x 4 volume of bar, . (7) 


since a L = volume of the bar. 

It follows from this, that the work required to produce a given 
stress on the bar is directly proportional to the square of the 
stress and to the volume or weight of the bar, and inversely 
proportional to the modulus of elasticity of the material com- 
posing the bar. 

If F = stress per square inch on the bar when its limit of 
elasticity is reached, we get P = F, and the resilience of the bar, 
or the greatest amount of work that can be done on the bar 
without injury to its elasticity, may be expressed by 


F2 volume 
R = E ee iis ; ; (8). 


2 


The quantity = is called the modulus of resilience. 


Example 5.—A. bar, 1 inch square, is found to extend ,; inch 
with a stress of 9 tons. Determine the work done in producing 
the extension in foot-pounds. 


. 1 
Work done = po = 52 5 foot-pounds. 


Example 6.—A round bar of steel 10 feet long and 3 inches in 
diameter, is exposed to a tensile stress of 100 tons. Determine 
the number of foot-pounds developed in the bar, the modulus of 
elasticity of steel being 13,000 tons. 

The work done may be calculated from equation (6) by making 
W = 100 tons = 224,000 Ibs. and / = extension in feet produced 
by tlie weight of 100 tons. 

We must first find / by means of equation (1). 


@ = sectional area of bar = ‘7854 x (3)? = 7:0686 sq. ins, 


100 
P = stress in tons per sq. in. = 0686 = 14:15 tons. 
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From equation (1) 


PL 1415 x 10 
E ~ 13,000 


.*. work done = 4 x 224,000 x 0:0109 = 1,220 foot-pounds. 


l= = 0-0109 feet, 


The result may also be arrived at from equation (7). 


2 
Work done = oa x 4+ volume of bar 


_ (1415) 


7-0686 x 10 
= "13,000 * 2240 x —g-— 


= 1,220 foot-pounds. 


Example 7.—\f, in the last example, a weight of 120 tons 
strains the bar to the limit of its elasticity; find the modulus 
of resilience. 

With a stress of 120 tons on the bar, the stress per square inch 


120 
F = 70686 = 17 tons. 
Modulus of resilience = Soe x 2,240 = 49-8 inch-lb.-units 
E  13,000° " 


23. Fatigue of Materials.— When a load is suddenly applied to 
a girder, it produces a momentary deflection much greater than 
that which would be produced by the same load at rest. In the 
same way, if we take a bar of wrought iron, whose ultimate 
tensile strength is equal to 20 tons per square inch, and apply a 
much less tensile load suddenly, and very often, so as to produce 
elastic vibrations in the bar, it will be found that this load, 
though much less than the statical breaking load of the bar, will, 
after a certain number of applications, produce rupture. If a 
load of 12 tons per square inch, or little over half the breaking 
load of the bar, for example, be applied, it will not produce 
rupture at the first application, nor even when it has been 
applied a thousand times; but in the long run, if the number of 
applications be sufficiently numerous, and suddenly imposed, the 
bar will fail. 

This deterioration produced in the fibres of a bar by repeated 
applications of the load, is known as the fatigue of the material. 

his tendency to fracture is increased if the bar be subjected 

alternately to both compressive and tensile strains. 


22 ELASTICITY AND FATIGUE OF MATERIALS. 


It becomes, therefore, a very important question to determine 
to what extent the strength of a structure as a whole, or of its 
individual members is affected by vibratory action. 

This subject, as stated, has been investigated by the late 
Sir Wm. Fairbairn, and more recently and exhaustively by 
Wohler. It is generally understood that when wrought iron, 
even of the toughest and most fibrous quality, is exposed to long 
and continuous vibration it becomes crystalline in its texture, 
and its strength is much impaired, so that it will break not only 
with a stress much less than its original breaking weight, but 
also much less than the working stresses to which it was pre- 
viously exposed. This is frequently observed in the chains of 
cranes; they will fail while carrying a load which they have often 
carried with safety previously. 

24, Experiments on Cast- and Wrought-Iron Bars.—Sir Henry 
James and Captain Galton subjected cast-iron bars to repeated 
stresses, corresponding to statical loads of some proportion of the 
breaking weight, by means of cams, which depressed the bars, 
and then allowed them to resume their natural position. From 
these experiments it was found that bars which received 10,000 
depressions equal to that produced by one-third of the statical 
breaking weight, received no apparent injury; as when they were 
afterwards broken by a statical weight they were found to be as 
strong as similar bars which had not been treated in this way. 
Three other bars were subjected to deflections equal to that 
which would be produced by half the statical breaking weight, 
and it was found they broke with 490, 617, and 900 depressions 
respectively. 

From these experiments, it seems reasonable to conclude that 
it is not safe to expose cast-iron bars or girders to repeated 
deflections equal to that produced by one-half their statical 
breaking weight, but that they are quite safe when subjected to 
repeated deflections, no matter how many, cqual to that predict 
by one-third of their breaking weight. 

Wrought-iron bars were also experimented upon, and it was 
found that no perceptible effect was produced on them by 10,000 
successive deflections, each being equal to that produced by one- 
half the statical breaking weight. 

The same result, however, does not hold good when wrought- 
iron rivetted girders arc loaded. In order to determine the effect 
produced on these latter by repeated loads, Sir W. Fairbairn 
made a number of experiments on a wrought-iron rivetted singls- 
web plate-girder, 20 feet clear span and 16 inches deep. He 
first exposed it to a series of loads equal to one-fourth of the 
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ealoulated breaking weight of the girder, and applied in sucha 
manner as to resemble as nearly as possible the effect produced 
on the main girders of a bridge by the passage of railway trains. 
After the girder had undergone above half-a-million changes of 
load, no visible alteration was observed in it. The load was then 
increased from one-fourth to two-sevenths of the statical breaking- 
weight, and was applied another half-a-million of times without 
apparent injury. After this, the load was increased to two-fifths 
of the breaking weight, the deflection produced being 0°35 inch 
against 0:16 and 0°23 inches in the first and second cases 
respectively ; the girder, after sustaining 5,175 applications of 
the load, broke by the rupture of the bottom flange. 

25. Wohler’s Experiments.—Wohler, with the assistance of 
the German Government, has made very exhaustive experiments 
on metals, in order to determine the effect of varying and offt- 
repeated stresses on these materials. His results agree with 
those of Sir W. Fairbairn where thoy travel over the same 
ground, but Wohler’s experiments are more varied and com- 
plete, and he has thrown much additional light on the subject. 
By means of ingeniously-constructed machines, he exposed bars 
of wrought iron and steel to tensile stresses varying between 
zero and a fixed quantity, and also to repeated bending and 
twisting in opposite directions. The loads were applied and 
removed a great number of times until the bar was broken, or 
until it proved its ability to withstand the varying stresses an 
infinite number of times. 

With bars subjected to tensile stresses varying between zero 
and a certain fixed quantity, the general conclusion to be arrived 
at from his experiments is, that the greatest tensile stress a bar 
will bear for an indefinite number of times is for iron and steel 
about one-half its ultimate static breaking stress. 

The number of repetitions required to produce rupture is 
increased if the range through which the stress is varied is 
reduced. 

Wohler concluded that bars of wrought iron and stecl—the 
static ultimate strength of the iron being 21, and that of the 
steel 47 tons—would probably bear an infinite number of stress 
changes between the limits (in round numbers) and ‘the kinds 
of stress given in Table IV, 

Tt appears from this that a bar will be strongest when exposed 
to varying stresses of the same kind, and weakest when exposed 
to stress of different kinds—t.e.,a pullanda push. The strengths 
of the threo bars in the Table are approximately in the pro- 
portion’of 1:2:3. If the members of a structure be exposed go 
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stresses similar to those on the bars in the Table, which may 
frequently occur owing to passing loads, there ought to be 
different factors of safety applied to them, and these factors 
ought to ba in the proportion of 3:2:1. 


TABLE IV. 





Stress ix Tons rer Sqcare Incw, 





Wronght iron. 
From compression to tension, . + 7to - 7 + 13 to - 13 
From tension to no stress, . 13 to 0 : 22 to 0 
From tension to less tension, . 19 to 104 37 to 16 


The average result of the experiments further proves that 
with bars of wrought iron and steel, which are exposed alter- 
nately to compressive and tensile stresses of equal amount, the 
limiting stress which they will bear for an infinite number of 
variations of the load, 1s about equal to one-third of the ultimate 
static tensile stress. 

The principal results alluded to may be summarised in the 
following Table :— 


Let W 
W, 


ultimate or static strength of the bar. 
greatest load the bar will bear for an indefinite 
number of applications. 


| 


TABLE V,.—Break1nc WEIGHT BY WOHLER’S EXPERIMENTS, 


1. Steady load without variation, . » % Wee W, 
: - WwW 
2. Load varying between Q and W,;, .  . W,= * 


= 


3. Load varying between + W, and ~ W,, . W, = 3 


A bar may be broken by a still smaller fraction of the static 
breaking load, if it is alternately bent upwards and downwards. 
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CHAPTER III. 
PROPERTIES OF MATERIALS USED IN STRUCTURES. 


26, The principal materials used in structural work, if we except 
masonry and brick work, are :— 


(a.) Timber. 

(6.) Cast Iron. 

(c.) Wrought Iron. 
(d.) Mild Steel. 


A knowledge of some of the leading characteristics of these 
materials will be useful to the student. 


(a.) TIMBER. 


27. Variation in the Strength of Timber—The strength of 
timber, even of the same kind and from the same tree, is very 
variable, and is affected by a number of conditions, such as its 
age, the part of the tree from which it is cut, the nature of the 
soil in which it is grown, its seasoning, and other considerations, 
All kinds are most durable when kept dry and exposed to 
thorough ventilation. 

The effect of moisture is to diminish its strength, and in some 
kinds it causes decay. 

When timber is exposed alternately to wetness and dryness, 
it decays rapidly, more especially if it is in an enclosed situation 
where there is no ventilation. Special precautions should be 
taken to preserve it in such situations. 

What is termed “dry rot” is very destructive to timber, con- 
verting it into a dry powder; and, when it has once attacked a 
building, it is difficult or impossible to arrest its progress. 

Timbers which have grown most slowly, which are dark in 
colour and heavy, are, as a rule, the strongest and most lasting. 
Woods which have little resin or sap in their pores are also the 
strongest. 

The sap in timber, by its decomposition, accelerates decay : 
consequently, it is best to fell timber at the season when its 
sap is not circulating; this occurs in temperate countries in the 
winter season and in tropical countries in the dry season. 
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Trees at the age of maturity produce the best timber. 

In the case of young trees, the strongest portion is the heart. 
After a tree passes the age of maturity, the hcart-wood begins to 
deteriorate, and other portions of the trunk are stronger, with 
the exception of what is termed the sap-wood, which lies next 
the bark, and is the worst part of the tree. 

28. Seasoning and Preserving Timber.—The strengths of most 
timbers are nearly doubled by proper “seasoning” or drying. 
Seasoning timber consists in expelling the moisture, and may be 
done either by natural or artificial means. The former method 
merely consists in stacking it in a dry sheltered place; the 
seasoning being effected in from two to five years. 

There are several mwnethods of artificial seasoning. By the 
desiccating process, the timber is placed in a chamber and 
exposed to a current of hot air. Other methods consist in 
impregnating the pores with creosote or metallic salts. ; 

Timber may be protected against moisture, by painting it 
from time to time with good oil paint; the timber, however, 
should be dry before the paint is first applied. Pitch and tar are 
also good preservatives, 


TABLE VI.—Strencru or Timper. 


cere ateee ener eran 





ao 


TENSILE STRENGTH PER SQuare Inch. 














ma Orushing 
Strength per 
With Across Square Inch. 
the Grain. the Grain, 
Ibs. Tbs. Ibs. 
17,000 Ses 9,300 
11,500 to 17,300 Sus 1,300 
14,000 oe 10,300 
Fir (Red Pine), . P 12,000 540 to 840 6, 800 
Oak, English, ‘ : 12,000 2,316 6,400 
» American, . ‘ 10,000 oe 6,000 





"28. Strength of Timber—The tenacity of timber is much 
greater when pulled in the direction of the grain than across the 
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grain. In the former case, the tenacity varies with that of the 
fibres themselves, while in the latter case, it depends on the 
lateral adhesion of the fibres. Table VI gives the strength when 
the timber 1s dry and in good condition. It will be noticed that 
the tensile strength with the grain is much greater than the 
crushing strength. 


(6.) Cast Iron, 


30. Uses of Cast Iron in Structures.—Cast iron is a material 
which enters largely into most classes of structural work, 
although of recent years its use has not been so general as 
formerly. At present, wrought iron and steel are gradually 
taking its place in those members of a structure which are 
exposed to direct tension, or to bending stresses. One reason 
of this is, that the tensile strength of cast iron is small compared 
with that of wrought iron or steel; but another, and perhaps more 
important, cause is that it is not a reliable metal. In the 
process of casting cavities are often formed in the body of the 
casting, owing to the generation of gases. Also, owing to the 
shape of the casting, or the presence of iron of different qualities, 
unequal stresses are generated in the process of cooling, which 
somctimes cause the fracture of the casting ; while in other cases 
initial stresses are developed, causing minute cracks which 
escape detection, but which afterwards may cause failure. Cast 
iron, unlike wrought iron and other materials, gives no warning 
of its approaching failure, which is also a very great objection. 
Notwithstanding al] these drawbacks, however, it will, probably, 
always be useful and economical in those parts of a structure 
which are exposed to direct compressive stresses unaccompanied 
by vibration ; as in pillars for supporting warehouses, mills, de. 
It is also well adapted for arched ribs, for girders, roofs, &c. ; 
although even here, except in the case of small spans, wrought 
iron or steel will be found more economical. It is much used 
by the genera] builder for gutters, lintels, window-frames, &c., 
for which purposes it is well suited. It also lends itself more 
easily than wrought iron or stee] for ornamental work, and is 
much used for the parapets of bridges and such other positions 
where appearance is of importance, but where it is not exposed 
to much stress. 

81. Varieties of Cast Iron——There are various kinds of cast 
iron which have their distinctive names, according-to the district 
in which they are made, or the kind of ore from which they. are 
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manufactured, and they differ a good deal from each other both 
in colour and texture. Their strengths are very much influenced 
by the presence of foreign materials, such as carbon, phosphorus, 
sulphur, &. 

According to Hodgkinson, “ white cast iron is less liable to be 
destroyed by rusting than the gray kind; and it is also less 
soluble in acids; therefore it may be usefully employed where 
hardness is necessary, and where its brittleness is not a defect ; 
but it should not be chosen for purposes where strength is 
necessary. In a recent fracture it has a white and radiated 
appearance, indicating a crystalline structure. It is very hard 
and brittle.” 

“ Gray cast iron has a granulated fracture, of a gray colour, 
with some metallic lustre ; it is much softer and tougher than 
white cast iron.” 

Between these extremes of colour there are many intermediate 
varieties, the whiter kinds, as a rule, being the harder and more 
brittle, while those approaching to gray are the softer and 
tougher, and the better fitted for structural work. 

The castings which give the best results, both as regards their 
ultimate strength and their elasticity, are produced by mixing 
in proper proportions a number of different kinds of the metal, 
the best combinations being the result of practical experience. 

The tenacity of cast iron varies a good deal ; inferior qualities 
have only a strength of about 5 tons to the square inch, while in 
some cases as high a result as 15 tons has been obtained. The 
average tenacity is from 7 to 8 tons. 

32. Relative Strengths of Small and Large Castings.—The 
transverse strength of small castings is relatively greater than 
that of large ones, and is augmented by rapid cooling. 

What is termed the skin of a bar, or the outside chilled 
surface, appears to add to its draneverse strength. 

This is borne out by the results of some experiments made by 
Major Wade, and given in Table VII., where he compared the 
transverse and tensile strengths of proof bars cut from the body 
of a cast-iron gun with those cast at the same time in separate 
vertical dry sand moulds. 

These experiments show that in small castings the transverse 
strength is increased by rapid cooling, but the tensile strength 
is diminished. This diminution of tensile strength, however, 
does not seem to be common, and only applies to high class 
castings similar to those employed in these experiments. Major 
Wade remarks that, “As a general rule, the tenacity of the 
cornmon sorts of foundry iron is increased by rapid cooling.” 





+ 
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CcgrriciENT OF 
TRANSVERSE RUPTURE. 

















TABLE VII. 


TENSILE STRENGTH 
Pres SQUARE INCH. 





Sreciric Gravity. 


Bar cut Bar cust Bar cut Bar cast Bir cut Bar cast 
from gun. separate, fiom gun. separate. from gun. separate, 
Iba. Ibs. Ibs. ibs. 
8,415 9,880 30,234 29,14; 7196 7263 
9,233 9,977 | 31,087 30,039 ‘978 7°248 
8,570 10,176 ! 26,367 24,583 7276 7331 
8,741 10,011 | 29,229 | 27,922 7°250 7-281 8 
re] 
| 





The chilled surface or skin of a casting adds very much to its 
power of resisting a crushing stress. Mr. Hodgkinson (in his 
experiments on the crushing strength of cast-iron pillars) found 
that the external part of the casting was always harder, and 
consequently stronger to resist crushing, than that near to the 
centre; and in the case of hollow pillars the hardness increased 
with the thinness of the tube. He found that, ‘‘In solid pillars, 
2} inches diameter of Low Moor iron No. 2, the crushing force 
per square inch of the central part was 29°65 tons, and that of 
the intermediate part near to the surface was 34:59 tons; whilst 
the external ring, } inch thick, of a hollow cylinder, 4 inches 
diameter, of which the outer crust had been removed, was 
crushed with 39-06 tons per square inch; and external rings of 
the same iron, thinner than half-an-inch, required from 49:2 to 
51:78 tons per square inch to crush them. These facts show the 
great superiority of hollow pillars over solid ones of the same 
weight and length.” 

In the case of large castings the difference of hardness and 
crushing strength between the iron at the centre and at the 
surface, although it exists, is not nearly so great as in small 
castings. 

83. Engineers’ Requirements in Castings for Structural Work.— 
In engineers’ specifications, when referring to castings, it is 
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usually laid down that they must be free from any defects and 
be cast with sharp edges. In the case of pillars, it is becoming 


usual to specify that they be cast vertically on their ends and 
not on their sides; it is also usual to specify that at each melting 


TABLE VIIL—Tensi,te anp TrANSvVERSE Strenatn or Cast IRon. 


Tensile Strength | Transverse 





Desctimi oF Ino Pegs a 
eee Iba. Tons. Ibs. 
al eaten) Ne: ®, oe 16,683 = 7-45 476 
eae ieotlend), Ne z, a 13,505 = 6:03 463 
ie ee ea No. 3, age 14,200 = 6°35 446 
se aap Ces No, 3, aan 17,755 = 7-98 527 
sa serene No. 3; Het) 21,907 = 9°78 537 
POad Bast nf] 2408780 | 
a kee epuneneale® No. sa 13,434 = 6-00 436 
Cold Blasts ns tf) 18,855— 842 | al 
ok ie aaa! (N. wee ae 2, | 16,676 = 7°45 416 
ton, ee ae Pema? No. 3 a 14,585 = 6°49 4687 
Mean,,. . . «© «© « ; 16,502 = 13 | 464 





one or more test-bars of certain dimensions are to be cast, which 
are afterwards to be placed on supports a certain distance apart 
* tested with dead weights in the centre. For example, rect- 
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angular bars, 2 inches by 1 inch, placed on supports 3 feet apart 
with the deep side vertical, should bear a central load of 30 ewts. 
and deflect before fracture at least ‘29 inch. Another common 
test is, that bars, 1 inch square, placed on supports 4 feet 6 inches 
apart, shall bear a central load of 550 lbs. It is not usual to 
specify the direct tensile or crushing stresses of the bar, though 
it is sometimes done. 

Table VIII. gives the results of some experiments made by 
Mr. Hodgkinson on cast-iron bars, 1 inch square, the tensile 
strength was obtained by a direct pull, and the transverse 
strength by placing each bar on two supports 4 feet 6 inches 
apart, and loading it at the centre with gradually increasing 
static loads. 

In America, iron masters obtain castings of much greater 
strength than we do in this country. These are used for the 
manufacture of guns. This great strength is got by employing 
a very superior ore to begin with, and then by frequent recasting 
and keeping the metal under fusion from three to four hours, 
By these latter means an increase of strength equal to 60 per 
cent. may be obtained. 


(c.) Wrovcut Iron. 


34. Wrought Iron as used in Structures.—Of all the materials 
which are at the present time employed in engineering structural 
works, wrought iron is the most general. Whether or not this: 
will continue to be so, it is difficult to say. Appearances at 
present seem to indicate that steel in some form or other will 
gradually replace it, mainly for economical reasons. 

The quality of wrought iron varies a good deal, and depends 
primarily on the quality of the cast iron from which it is made, 
and on the care taken in its manufacture. The amount of 
carbon which it contains hes a great deal to do with its quality. 
In very soft irons the quantity of carbon is almost impercepti- 
ble; when it reaches } per cent., the iron becomes harder and 
stronger, and is known as “soft steel.” The presence of carbon, 
although it increases its strength, makes the welding much more 
difficult. 

85. Testing Wrought Iron—When a bar of uniform section 
is tested for tensile strength, the extension which occurs is 
at. first pretty general over the length of the bar. When 
"ar, however, approaches the point of rupture, a large 

~ extension takes place near the place of fracture, attended 
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by a corresponding contraction of the area of the bar at this 
oint. 

J After rupture, the contraction of area at the point of fracture 

should be noted. This is a very important index of the quality 

of the iron. The extension which the bar undergoes in a certain 

length should also be observed. The quality of the iron is 

ascertained from the following results :— 

(1) The ultimate tensile strength per square inch. 

(2) The contraction of area at the point of fracture, or the 
extension in a certain length of the specimen. 

36. Tensile Strength of Wrought Iron.—The ultimate strength 
of a specimen of wrought iron depends to a certain extent on 
the shape of the specimen. In order to get good results, there 
should be no sudden variations of section in the bar tested, and 
care should be taken to have the pull exactly longitudinal with 
the bar. 

Table IX. gives the net results of 587, experiments made by 
Mr. Kirkaldy. 


TABLE I[X.—TensiLe Srrenctu oF Wrovant Iron. 


ane he ems 





Breaking Wriaut prr Square I cu or 
ORIGINAL ARKA. 


NUMBER OF EXPERIMENTS. bee Fa ee Sap te ol 





Highest. Lowest. Mean. 

Tons. Tons. Tons. 

188 Rolled bars, . ’ : 30°7 19°9 257 

72 Angles and straps, . . 28°5 16'9 24°4 

167 Plates with the grain, . 279 16°7 22°6 

160 ,, across the grain, . 271 145 20°6 
| 


et 


_ It will be seen from the table that iron of very different 
qualities was tested. On the whole, the quality is much superior 
to that ordinarily used for structural work. 

Table X. may be taken as representing the tensile strength 
both with and across the grain, and also the contraction of area 
at the point of fracture of iron as ordinarily used for construc- 
tional work. 
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TABLE X.—SrrenatH or Wrovent Iron as USED IN Brinogk 








Work, &c. 
Tensile Tensile oer on Se niieetion 
Dexominaros. SHDERS | RSME, | point of frac pola of frc- 
grain. grain. grain. the grain. 
Tons. Tons. Per cent. Per cent. 
Plates, . «. «. . | 20 to 22! 16t0 18! 7t010| 3to4 
Angles and Tees, ! 21 to 23 12 to 16 
Flat bars, . ‘ : 7 21 to 24 18 to 22 ae 
Round bars up tol }in.diam., | 20 to 22 16 to 18 ove 
13 to 16 
| 


aaa abovel) ,, 19 to 2] 
te 


arene ares ra HO Hn ST I RYT e SANS RNR Oey Aine rN Tete. wetincnewunapeners-ee archer 


Soft and naetils irons draw out a good deal under stress, and 
though they may not give a high breaking stress per square 
inch of the original section of the bar, yet, when measured with 
respect to the fractured area, they show very good results. 

A hard specimen, which possesses little ductility, does not give 
a great elongation, and the fractured area will not be much less 
than the original area of the bar. One advantage of using a soft 
iron in a structure is, that it will stretch a good deal before 
fracture takes place, and consequently will give ample warning 
before it collapses. 

As a rule, the smaller and thinner a plate or bar is after 
leaving the rolls, the better results it will give in testing. This 
seems natural enough when we consider that the particles of iron 
are more likely to be thoroughly welded together, and that im- 
purities are more likely to be eliminated. Angles and tees also give 
better results than plates rolled from the same quality of iron. 

37. Tensile Strength of Wrought Iron across the Fibre.—In 
the process of rolling plates and bars the molecules of the iron 
are elongated in the direction in which the plate or bar is rolled, 
what is termed a “fibre” being formed, and the bar always 
shows greater strength when tested in the direction of the fibre 
than when tested across it, the proportion roughly varying as 
21 to 18. The elongation of the specimen, and the contraction of 
area at the point of rupture, are also greater when the specimen 
is tested with the grain than when tested across it. It is usual 
for engineers, when drawing up a rigid correc of the 
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strength of plates, to take cognisance of this fact, and to 
mention the ultimate strength and contraction of area for plates 
when tested both ways. 

38. Strength of Welds.—There is a popular belief that the 
strength of a welded joint is as great as that of the bar itself, 
and no doubt this is so, when the iron is of a quality well adapted 
for welding, and when the greatest care is taken by using a clean 
fire, scarfed joints, &c. Experience, however, proves that the 
strencth of the weld is nearly always less than that of the 
original bar, in some cases to the extent of 50 per cent. For 
this reason, and also on account of the cost, welds should, if 
possible, be avoided in structural work, and if they have to be 
made, the bar should be swelled out, so that its sectional area be 
greater at the welded joint than at other parts. By this means 
the deterioration of strength suffered by the welding process is 
partially or wholly neutralised. 

89. Iron Wire.—When wrought iron is drawn out in the form 
of wire, its tensile strength is very much increased ; the amount 
of increase depending upon the diameter. For example, iron 
wire, jth inch in diameter, when made from iron of a tensile 
strength of 25 tons per square inch, will have an ultimate 
strengh of about 35 tons, or even more. The wire used in 
the cables of the Niagara bridge had a strength of about 44 
tons per square inch, and cases have been known where it 
has reached 56 tons. It is a strange thing that the specitic 
gravity of wire is rather less than that of the iron from which 
it was produced, so that its additional strength is not due to the 
closeness of the molecules, but must arise from some other cause 
not clearly understood. When wire is annealed, it loses a large 
portion of its strength, and becomes, in fact, only about the 
same as the iron from which it was produced. 

40. Compressive Strength of Wrought Iron.—It is very rarely 
that structures fail from the actual crushing of the material. If 
a& compressive member fail, it is generally due to buckling or 
bending sideways, owing to want of proper stiffening. From 
experiments made on short cylinders, it has been ascertained 
that ordinary wrought iron is crushed or bulged with from 16 to 
20 tons per square inch. 

41. Effects of Annealing.—Annealing wrought iron of small 
sections diminishes its ultimate tensile strength but increases 
its ductility. In the case of iron which has suffered fatigue, 
annealing is very beneficial. Jt is a good practice to anneal 
erane chains from time to time; by this means.their brittleness 
is removed and their ductility restored. According to Morin, 
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the annealing of large forgings is injurious, ag it produces a 
crystalline structure; and the same authority states that the 
prolonged annealing of iron of small sections has a bad effect. 

42, Shearing Strength of Wrought Iron.—The shearing strength 
wof wrought iron is practically equal to its tensile strength ; 
this may be tested by punching holes in plates, or by cutting 
them with an ordinary shearing machine. 

Table XI. gives the result of some experiments made by 
Mr. Little in order to determine the force required to shear 
wrought-iron bars with parallel shear blades. 


TABLE X].—ExXPpERIMENTS ON SHEARING Wrovuacut-IRox Bars 
WITH PARALLEL CUTTERS, 


eke, 


Pressure on Currers. 








No. of Width of | Thickness | Sectional 

Experiment.| |, tithes, | in Inches, |Square laches pec | trees ee 
Tons, Area cut, Tons. 

1 3-0 05 1°50 33°4 223 

2 3-0 05 .| 1:50 34°6 23:1 

3 | 30 | 10 3°00 692 23°] 

| 4 3-0 10 3:00 68°1 29°7 

5 3-02 10 3-02 59°7 19°8 

| 6 3:02 1:0 3-02 62:1 20°6 

| 7 | 5-0 204 10°20 210°6 20°6 
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43. Expansion and Contraction due to Change of Temperature.— 
All metals in the solid state expand with an increase, and 
contract with a diminution of temperature, and the change of 
length which they undergo is proportional to the change of 
temperature, at least between the limits of 32° and 212° Fah, 
or between 0° and 100° on the centigrade scale. 

The coefficient of linear expansion of a material is the fractional 
part of its length by which it elongates or shortens owing toa 
change of temperature of 1°. . 

Most tables give the coefficient for 1° on the centigrade scale. 
It will be an easy matter, however, to reduce the results to the 
Fahrenheit scale, bearing in mind that 1° Fah. : 1° cent, :: 5 : 9. 
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Let J = length of a bar at 0° C. 


i, = its length at 2. 
a = the coefficient of linear expansion for 1° C. 


Then the elongation for ® = atl 
and @, = 7@(1 + «t). 


. aly, 


Example 1.--By how much will a wrought-iron girder, 200 
feet in length, elongate when the temperature is raised 40 


degrees Fah. ? 


The amount of elongation is expressecl by « 4°72 where 
J 


40 


-- 000000642. 
1 = 200 fect. 


Elongation = 00000642 x 40 x 200 = 05136 foot = 0°61632 inch. 


TABLE XII.—Coerricrents oF LixnkAR EXPANSION. 


ore nee Tn 





Description of material 


oh neem nis aneenenieceringem a seinrio ees  ) rm 


METALS. 
Brass rods, . 
Copper, 
Iron (cast), . 


-» 59 (from bar 2 in. 
square), . 


>> 9 (from bar ¢ in. 
square), . 


» (wrought), . 
Steel (untempered)}, 
», (tempered), 

»  (blistered), 


» (rod), . 





Coefticient of 


linear expan- 
sion for 1” C, 


000011094 
“000011467 


000011022 
000012204 


"000010788 
"000012396 
000011500 
"000011447 


ace é ee en AT mn 


Authority. 


ee ede denennanama brennan aeeeuen ame enrientonsne meee iam naemnsenanlonegmmmtatentaan ort 


Ray. 
Smeaton. 


Ramsden. 


Adie. 


99 


Laplace & Lavoisier. 
Borda. 
Laplace & Lavoisier. 
Smeaton. 


Ramsden. 
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(d.) STEEL. 


44, Different Kinds of Steel__The term stecl is a very elastic 
one, and includes metals which differ very widely from each 
other in strength and other properties. Of late years a mild 
form of steel has been largely manufactured for boilers, ships, 
bridges, &c., which differs very little from wrought iron; in 
fact, it is very difficult to say where “wrought iron” ends and 
“steel” begins. 

In its chemical composition steel is the same as wrought iron 
with a little admixture of carbon. <A very slight difference in 
the amount of carbon produces a very great difference in the 
strength of the metal; thus, a steel which has a tensile strength 
of 28 tons per square inch may, by slightly altering its chemical 
composition, have its strength raised to 50 or 60 tons. 

It is principally with mild stcel that we are here concerned. 

Formerly, the difficulties attending the manufacture of a 
reliable metal were so great, that engineers set their faces 
against its use. Many failures have occurred which could not 
be accounted for, and justified the suspicion with which this 
metal was regarded. Tliis uncertainty in the manufacture: 
aud behaviour of steel has recently passed away, and a material 
can now be produced which is quite as reliable as wrought. 
iron, and even more uniform in its strength; and there can 
be little doubt that in the future it will to a Jarge extent 
take the place which wrought iron now holds as a material for: 
structures. 

The advantages which it offers, when applied to bridge-work, 
are very great and very obvious. 

Its strength is from 40 to 50 per cent. in excess of that of 
wrought iron, and it has a proportionate superiority in elasticity 
and ductility, while the cost of its production is not very muche 
greater. The advantages which this superior strength gives are 
great, especially in bridges of large span, as the dead load of the 
structure will be very much diminished. Other advantages will 
be subsequently referred to when treating on steel bridges. 

45, Strength of Steel. The tensile strength of steel varies 
between very wide limits. That for mild steel, as used in 
structural work, is from 27 to 32 tons per square inch; while, 
in very hard varieties, it may be as high as 60 tons. 

The crushing strength for the soft varieties is about equal to 
the tensile strength. 1n the harder varieties it is much greater, 
and may reach as much as 150 tons. 
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The shearing strength is approximately equal to three-fourths 
of the tensile strength. It has been found that mild steel of 
29 tons tensile strength has only a shearing strength of 244 tons. 
On account of this weakness in the shearing strength, it is the 
practice to use iron rivets for steel structures. 

46. Elasticity of Steel.—From experiments made by the 
“Steel Committee,” it appears that the limit of elastic reaction 
for the qualities of steel upon which they experimented was, on 
the average, about 21 tons per square inch both for tension and 
compression. For milder qualities, it is not so high. For 
'28-ton steel the limit of elasticity is reached at about 18 tons. 

From the experiments above referred to, it was found that 
with bars under compression, the mean decrement of length per 


. 1 e 6 . 
ton per square inch was jj4,th of the original length of the 
bars; and under tension, the mean incremeut of length was 


isaath of the original length. This is equivalent to a modulus of 
compressive elasticity = 13,459 tons, and a modulus of tensile 
elasticity = 13,089 tons, or a mean of 13,274 tons. 

From experiments made by Sir W. Fairbairn, he found the 
modulus of elasticity somewhat higher—nainely, 13,859 tons. 
The average modulus may be taken as 13,393 tons, or 30,000,000 
Ibs., which is considerably in excess of that for wrought iron. 

47. Admiralty Tests for Steel—The Admiralty specification 


for steel plates, angles, &c., is as follows :— 


“J. Strips cut lengthwise of the plates to have an ultimate 
tensile strength of not less than 26, and not exceeding 30 tons 
per square inch of section, with an elongation of 20 per cent. in 
a length of 8 inches. 

“2. Strips cut lengthwise or crosswise, 14 inch wide, heated 
uniformly to a low cherry-red, and cooled in water of 82° Fah., 
must stand bending in a press to a curve of which the inner 
radius is one and a half times the thickness of the plates tested. 

“3. The strips are to be cut in a planing machine, and are to 
have the sharp edges taken off. 

“4, The ductility of every plate is to be ascertained by the 
application of one or both of these tests to the shearing, or by 
bending them cold by the hammer on the Contractor's premises 
and at his expense. 

“5, All plates to be free from lamination and injurious surface 
defects. 

“6, One plate to be taken for testing by tonsile, extension, 
and tempering tests from every invoice, provided the number of 
plates does not exceed 50. If above that number, one for every 
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addition of 50, or portion of 50. Plates may be received or 
rejected without a trial of every thickness on the invoice. 

“7, The pieces of plate cut out for testings are to be of 
parallel width from end to end; or for at least 8 inches of length. 

‘‘When the plates are ordered by thickness, their weight is to 
be estimated at the rate of 40 lbs. per square foot for plates of 
l-inch thick, and in proportion for plates of all other thicknesses ; 
the weight so produced is not to be exceeded, but a latitude of 
5 per cent. below this will be allowed for rolling in plates of 
half an inch in thickness and upwards, and 10 per cent. in 
thinner plates. 

“These weights may be ascertained by weighing as much as 
10 tons at a time. 

‘The steel for angles, tees, bars, &c., to stand a tensile strain 
of 26 tons to the square inch, and not to exceed 30 tons to the 
square inch.” 

The other tests for angles, &c., to be the same as those 
described for plates. 

48. Lloyd’s Tests for Steel_—Lloyd’s rules for steel used in 
ship-building stipulate that steel plates and angle and bulb steel 
shall have an ultimate tensile’ strength of not less than 27 tons, 
and not exceeding 31 tons per square inch, with an elongation 
before fracture equal to 20 per cent., measured on a length of 
8 inches. They also specify that “strips cut from the plate, 
angle, or bulb steel to be heated to a low cherry-red, and cooled 
in water of 82° Fah., must stand bending double round a curve, 
of which the diameter is not more than three times the thickness 
of the plates tested.” The Liverpool Underwriters’ Registry 
give a tensile range of strength from 28 to 32 tons per square 
inch. 

49. Rules of the French Admiralty. The rules of the French 
Admiralty for the strength of steel plates, &c., are somewhat 
different from those already given. They do not prescribe any 
maximum strength, and the minimum strength is fixed according 
to the thickness of the plates. For example, for plates ¢ inch in 
thickness, the minimuin strength is fixed at about 28 tons per 
square inch, and for thinner plates it is fixed at about 28} 
tons. In order to test the ductility they prescribe that, in 
an 8-inch test-piece, the elongation must be 20 per cent. of 
its original length, and provided this test is complied with 
they do not fix any maximum strength. 

50. Steel Castings.-Great improvements have been made 
during the last few years in the production of steel castings, and 
they can also be made at prices very much lower than formerly. 
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The chief objection to castings made in steel used to be their 
want of ductility; now they can be made of soft steel of a tensile 
strength of about 30 tons, and giving an elongation of 20 per 
cent. in an 8-inch test-piece. 

If the steel casting is to be used in a position where it will be 
subjected to vibratory stresses, it is advisable to anneal it. Up 
to the present, steel castings have not been much used by the 
bridge-builder, but in the future it is probable that they will 
become more common. 

51. Effects of Annealing on Steel.— Annealing steel reduces its 
strength but increases its ductility. It is very useful when 
applied to castings. 

Table XIII. which gives the results of some experiments, 
shows the effect of annealing on plates. 


TABLE XIII. 


UN-ANNEALED. ANNEALED. 
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Tensile Ultimate set Tensile (Itimate set 














strength per} in length of | strength per {| in Jength of 
aq inch. 8 inches. aq. inch $ mchbes. 
Tons. Per cent. Tons, Yer cent, 
Hard steel 4-in. plate, 32°97 16 65 28 52 24°12 


Mild ,, 2. ,, 


25°05 26-05 26°90 
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28°55 
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26°60 24°32 24°05 29°87 


52. Treatment of Steel by Hydraulic Pressure.—The late Sir 
Joseph Whitworth introduced und patented a system, which 
promises to become common, of subjecting steel ingots, when in 
the fluid state, to great pressure. The pressure is produced by 
hydraulic power, and may reach as much as 12 tons per square 
inch on the metal. When the fiuid metal is poured into the 
mould, the pressure is applied, and may be continued from 
1 to 4 hours. Its effect is to drive out all gases and other im- 
purities which may be collected in the body of the metal, and to 
render it more ductile and homogeneous in its texture. By 
the old method of casting, .a large portion of the ingot con- 
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tained cavities which necessitated a good deal of cutting to 
waste. The contraction produced in the length of the ingot 
during the application of the pressure amounts to as much as 
123 per cent. 

Tables XIV. and XV.* give results of the tests of the pressed 
and unpressed ingots. 


TABLE XIV.—MEaN or Test-Pieces Cut LONGITUDINALLY. 
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| Elaatic limit in | Ultimate break-| Contraction in| Elongation | 
| tons per square [ing strege in tons! area at point of in 
| inch. per square inch, fracture 4 inches. | 
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| Per cent. Per cent. , 
Unpressed Inyot, Well | 29-18 4°41 S76 | 

. Pressed Ingot, . 11-45 29°53 | 


7:90 | 12-51 ! 


TABLE XV.—Meawn or Test-Pieces Cot TRANSVERSELY. 
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CHAPTER IV. 
MECHANICAL LAWS RELATING TO STRESSES ON STRUCTURES. 


D1aGRAMS OF Forces. 


53. Preliminary.—The whole subject of the investigation of the 
stresses on beams and framed structures is a very important one, 


* Greenwood. — Proc, Inst. of C.E., vol. xeviii., p. 83 
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and of late years a number of eminent men have devoted a preat 
deal of time and skill to its elucidation. 

Our knowledge of the subject now is very much more com- 
plete than formerly, and, generally speaking, the subject is much 
simplified, and the results arrived at in most cases are practically 


It is true that on some questions (as, for example, the stresses 
on continuous girders, and the investigation into the strengths 
and the distribution of stresses in solid beams), something yet 
remains to be explained and simplified ; yet these cases are the 
exceptions to the general rule stated, and the difficulties and 
ambiguities which arise in the investigation of these special cases 
need not prevent the student from thoroughly understanding the 
subject in general. 

Tt may here be stated that it is presumed the student possesses 
an elementary knowledge of mathematics ; with this knowledge 
he will have little difficulty in understanding the solutions given 
of the different problems which will be presented to him. 

The two main mechanical principles upon which are based the 
calculation of stresses in structures are :— 


(1) The principle of moments ; 
(2) The parallelogram or polygon of forces. 


These two principles we shall briefly explain and illustrate. 

54. Mechanical Forces.—A force is a quantity which is measured 
by some unit of weight, such as pounds, cwts., or tons. 

A straight line may be taken to represent a force—(1) when 
its length measured to some scale, represents the magnitude of 
the force in lbs., tons, &c.; and (2) when its direction corre- 
sponds to the line of action or the direction of the force. 

We may say that a force is completely determined when we 
know— 

(1) Its magnitude, 
(2) Its point of application, 
(3) Its direction. 


Suppose a body, A B, whose weight is W (fig. 6), to rest on a 
horizontal surface, AC; it presses on the surface with a force 
equal to W; the line of action of this force is vertical, and it 
passes through the centre of gravity of the body. At the same 
time the surface, AC, is said to exert an upward vertical 
pressure against the body equal to W. This upward pressure is 
termed the vertical reaction of the surface, or the supporting force. 
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55. Forces of Compression and Tension.—If two equal forces, 
P, P, act on a body, a b (fig. 7), in a direction towards each other 
and in the same line, the body is in a state of compression, and is 
said to receive a thrust; the amount of this compressive force 
being equal to P. 

Members of a structure which are wholly in compression are 
sometimes called struts, columns, or pillars. 





Fig. 6. Fig. 8, 


If the two equal forces, P, P, act on ab away from each 
other and in the same line (see fig. 8), the body is in a state of 
tension, and is said to receive a pull; the amount of the tensile 
force being equal to P. 

Members of a structure which are wholly in tension are 
sometimes called tres. 

56. Principle of Moments.— Zhe moment of a force with respect 
to a fixed point is the product of its intensity into the per- 
pendicular distance between the point and the direction of the 
JSorce. 

The force may be expressed in pounds, tons, or any other unit 
of weight. The perpendicular distance may be expressed in 
inches, feet, or any other unit of measure. 

If the force and distance be expressed in pounds and inches 
respectively, the moment will be expressed in inch-pounds. If 
they be expressed in tons and feet respectively, the moment will 
bo expressed in foot-tons, and so on. 

In fig. 9, the body Aa is supposed to be acted upon by a 
force P, in the direction of the linea P. A 


isa fixed point or pivot round which the 

body may revolve. Draw A a perpendicular a aN 
to @ P; then the moment of the force P 

with respect to the point A is equal to ce re 
P x Aa; and the tendency of the force is 

to cause the body to revolve round A ina Pp 

rate opposite to that of the hands of a Fig. 9. 


ock, 
The principle of moments may be thus stated— 
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If any number of forces acting in the same plane on a body, 
keep it in equilibrium, or in a state of rest, then the sum of the 
moments of the forces which tend to turn the body wm one direction 
round a fixed point, must be equal to the swm of the moments of the 
jorces which tend to turn it in the opposite direction round the same 
point, 

In order to explain this by the aid of a diagram, let AB 


R 


A Cc B 


P, Pr 
Fig. 10. 


(fig. 10) represent a horizontal rod or beam resting on a fixed 
support or fulerum, C, and let weights P, and P, be suspended 
from its extremities. The weight P, has a tendency to turn the 
rod round C in the direction of the hands of a clock, while the 
weight P, has a tendency to turn it in the opposite direction, 
If the bar be in equilibrium the moment of P, with respect to 
C must be equal to that of P, with respect to the same point; or 
expressing the relationship by symbols, 


Px AC=P,xBCO. . . () 


This is also called the principle of the lever. 

Another condition of equilibrium comes into operation here, 
namely, the upward reaction at C, or the supporting force is 
equal to the sum of the downward forces. 

If R = supporting force, we have (in syinbols) 


R <= P, Ra P, ® e r (2) 


This principle may be thus stated— 

If a loaded beam be supported by one or more props, the sum of 
the upward reactions of these props is equal to the total weight on 
the beam. 

It is not necessary that the external forces should be purallel, 
or act in a vertical direction, in order that the principle of 
moments should hold true. In fig. 11, the two forces, P, and P,, 
are Shown acting in directions which are inclined to each other ; 
let their directions be produced so as to meet at the point O. 
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Let x, and 2, represent the lengths of the perpendiculars from 
the point C on these directions. If the beam be in a state of 
rest, we have, as before, 

Fit = Poe 


Join OC, the reaction.at C acts along this line. To find its 
amount, set off Ow = P, and Ob = P,; draw ae and bc 





Fig. 11. 


parallel toO Band OA respectively; these lines will meet OC 
at the same point, ¢; and the line Oc will represent the magni- 
tude of the reaction at C. 

57. Graphic Method of determining the Stresses on Framed 
Stractures.—The simplest, and in many cases the most accurate, 
method for determining the stresses on framed structures is by 
means of stress-diagrams, which must be accurately drawn to 
scale. In such diagrams lines are made to represent forces, 
both in magnitude and direction. By measuring these lines to 
the proper scale, the stress on any member (no matter how com- 
plicated the structure is) may be determined. It ix assumed that 
the different inembers of the structure are so connected together 
by pins that the joints are as free to rotate as if they were 
hinged ; when this is so, the stress-diagram is theoretically a 
perfect representation of the stresses on the structure. In prac- 
tice, however, this is not generally the casc, as the connections 
have a certain amount of rigidity, which, to a certain extent, 
modifies the stresses. 

58. Equilibrium of Three Forces acting on a Point-Parallelo- 
gram of Forces.—A point acted upon by forces is said to be in 
equilibrium when it is in a state of rest. This occurs when the 
forces balance each other. 

A point acted upon by a s¢tngle force cannot be in equilibrium, 
as it will move in the direction in which the force acts, and will 
continue to do so as long as the force is applied. 
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Tf a point acted upon by two forces be in equilibrium, the two 
following conditions must be fulfilled :— 

1. The forces must be equal to each other in magnitude. 

2. They must act in the same straight line, but in opposite 
directions. 

If three forces acting in the same plane on a point, as 
represented by three straight lines, be in equilibrium, the 
following condition must be fulfilled :— 

Ifa parallelogram be draun which has for its adjacent sides two 
straight lines representing in magnitude and direction any two of 
the forces, then the third force must be equal in magnitude, and act 
in an opposite direction to the diagonal of the parallelogram, drawn 
Srom the junction of the before-mentioned adjacent sides. 

In order to illustrate this, in fig. 12, let three forces, represented 
by the three straight lines, O A, O B, OC, act on the a O in 
a direction away from it (as shown by the arrow-heads). Take 
any point, O, (fig. 13), and draw O, A,, O, C,, equal and parallel to 





OA, OC respectively. Complete the parallelogram O, A, B, C,, 
and draw the diagonal O, B,. Now, if the forces O A, O B, O G 
fig. 12) balance cach other, O B must be equal and parallel to 
O, B, (fig. 13). The diagonal O B, of the parallelogram A OCB, 
is called the resultant of the two forces O A and OC; and it 
produces the same effect on the point O as these two acting 
together. 

Laample 1.—If two forces of 3 and 4 tons act on a point 
in directions at right angles to each other and away from the 
ee what is the magnitude and direction of their resultant 
orce 

In fig. 14, draw a line O A = 3 tons, on any scale; draw OB 
perpendicular to O A, and make O B = 4 tons on the same scale; 
complete the parallelogram A OBC and joinOC. OC will re- 
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present the resultant of O A and OB; by scaling we find it 
= tons. If OC be produced on the other side of O to C,, 
making O ©, = OC, then OC, will balance O A and O B. 


C 


t 






emeveneadhweewn ae 





B Caen a me Dee 


Fig. 14. Fig. 15, 


59. Resolution of Forces..—We have seen how the resultant of 
two forces, or what may be termed the composition of forces, may 
be found. The converse of this, called the resolution of forces, 
consists in resolving a single force into two others, acting in any 
direction. 

If, for example, we have a single force, O A (fig. 15), and we 
wish to resolve it into two others making angles « and § with 
its direction, draw lines OB and OC, making angles « and @ 
respectively with OA; through A, draw AB parallel to OC, 
and AC parallel to OB; then OB and OC will represent the 
required forces botl in magnitude and direction. 

60. Triangle of Forces.—What is known as the principle of 
the triangle of forces ismerely another way of stating that of 
the parallelogram of forces. 

The principle may be stated thus— 

If three sorces acting at the same point are in equilibrium, three 
lines drawn parallel to them will form a triangle, the lengths of the 
sules of which are proportional to the forces. In fig. 12 we have 
the tbree forces O A, OB, OC in equilibrium and acting at the 
point O; take a line O, A, (fig. 13), parallel to O A; through its 
extremities, O, and A,, draw O, B,, A, B, parallel respectively 
to O B and OC, and meeting at the point B,. The sides of the 
triangle A, O, B, are proportional to the forces O A, OB, and 
OC,—namely, O, A, : 0, B,: A,B, =OA:O0B:;O0C; and if 
O, A, is made equal to O A, then O, B, and A, B, will be equal 
to O Band OC respectively. 
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It will be gathered from the foregoing, that if there are three 
forces meeting at a point, which are 
* in equilibrium; if their directions 
be known; and, further, if the 
magnitude of one of them be 
known, then the values of the 
other two can be found. In order 
to illustrate this, suppose the two 
ends, a and 6 (fig. 16), of a string, 
ao, to be fixed, and a weight, W, 
Fig. 16. to be hung from the point, 0, it 1s 
required to determine the tensions 
on the portions oa and ob of the string. We have here three 
forces acting at the point, 0, which are in equilibrium—namely, 
the weight, W, which acts vertically downwards, and the tensions 
on o@ and ob. Of these three forces only one—viz., W—is 
known. In order to find the other two we proceed as follows :— 
; On the vertical line through o measure off a distance, 
oc, on any scale, equal to W. Through c, draw ca,, 
cb, parallel respectively to 06 and oa and meeting 
; these lines produced in 6, and a,. Then the lines, 
~ oa, and ob,, which are the sides of the parallelogram, 
¢ oa, cb,, will represent the tensions on oa and 0b re- 
Fic. 17, Spectively ; and their amounts may be determined 
“by measuring their lengths on the scale. 

It will be generally found more convenient, especially in 
complex structures, to have a separate diagram showing the 
stresses on the different members of the structure, apart from 
the figure representing it. Thus, in the case we have been 
considering, take a vertical line, 0, c, (fig. 17), to represent the 
weight, W ; through its extremities 0, and c, draw 0, 6, and ¢, b, 
parallel respectively to oa and ob, and meeting at the point, 6, ; 
these lines will represent the stresses on the strings va and ob. 
The diagram in fig. 17 is called the stress-diagram. 

The above is the graphic method of tinding the stresses on the 
string. 

Analytical Method.—The stresses may be found analytically 
thus :—If oa, 0b make angles « and 8 respectively with wb, 
we have the following equations :— 


Stress on oa = W sin. a. 
Stress on o 6 = W sin. P. 
Suppose for example that W = 100 lbs.; and a = 6 = 45°, 


then stress on oa = stress on ob = 100 sin. 45° = i = 70-7 lbs. 





TRIANGLE OF FORCES. 49 


Example 2.—In fig. 18, a weight of 5 tons is shown suspended 
from the extremity, 0, of an inclined prop, o 6, the other extremity 
of which rests against a wall. A horizontal tie, oa, is fastened 
to o, and the other end fixed to the wall. If‘oa = 8 feet and 
ab = 6 feet, determine the stresses on ob and o a. 

On the vertical line through 0, set off oc = 5 tons; through ¢ 
draw cd parallel to oa and meeting 06 ind; then 


od (by scale) = 8-3 tons = compressive stress on 0 8, 
cd (by scale) = 6°6 tons = tensile stress on o a. 


Example 3.—Fig. 19 represents a simple roof truss resting on 
two walls, and consisting of two rafters, AC, C B, equally 





Fig. 18. Fig. 19. 


inclined to the horizontal at an angle of 30°, and a horizontal tie, 
A B, connecting the feet of the rafters together. Determine the 
stresses on the rafters and tie-beam, if a weight of 4 tons be 
placed on the apex, C. 

The supporting force on each wall = 2 tons. 

On the vertical, through A, set off Aa = 2 tons; draw ad, 
parallel to A B; then 


Aa, = compressive stress on rafters = 4:0 tons by scale; 
aa, = tensile stress on tic = 3:46 tons by scale. 


These results may be verified analytically thus :— 


y= Aax sec. 60°=2x« 2=4 tons; 
aa,= Aa x tan 60° = 2 x J3 = 3-46 tons, the same as 
found by the graphic method. 
4 


BO MECHANICAL LAWS RELATING TO STRESSES ON STRUCTURES. 


of graphically determining the stresses, 18 to 

*, on the vertical through C, Ce = 4 tona, draw cz, parallel 

to BC, mecting AC in ¢,; draw ¢, c, parallel to A B, meeting 
Gvine,; then 


compressive stress on rafters = Cc, = cc, = 4 tons, as before ; 
tensile stress on tie == C) Co = 3°46 tons, as before. 


By adopting this latter plan, we are saved the trouble of find- 
ing the supporting forces at the abutments. 

61. Polygon of Forces.—~If any number of known forces 
lying in the same plane act on a point, it is always possible 
to find their resultant. In fig. 20 let the forces P,, P,, Ps, 
P, and P,, be represented, both in magnitude and direction, 
by the straight lines O P,, OP, OP,, OP, and O P,, and 
act on the point O. First find O R,, the resultant of P, and 
P, as explained for the parallelogram of forces. Next find 





Pe 


Fig. 20, 


one the resultant of O R, and P,; O R, will, therefore, be the 
resultant of the three forces P,, P, Py Next find OR,, the 
resultant of O R, and the fourth force P,; and so on. If the 
five forces shown, be in equilibrium, their resultant will be zero; 
in which case O R, will be in the same line with P,, and equal 
to it in magnitude. Itis not necessary to construct the parallelo- 
grams in finding the successive results ; the method of procedure 
being as follows :— 


Through P, draw P, R, equal and parallel to O P, ; 
through R, draw R, R, equal and parallel to O P, ; 
through R, draw R, R, equal and parallel to O P, ; 


te 


and so on. 
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if the forces be in equilibrium, O P, R, R, BR, O will form a 
closed polygon. This polygon may be 
drawn separately, as shown in fig. 21, fa 
by making 0, p, = P,, and drawing 
Prvy To Ts and r,o, parallel re- 
spectively to P,, P,, P,,and P,. If the 
forces be in equilibrium, 0, p, 7; Ty 5 0, fj 
will form a closed polygon. 

The principle of the polygon of forces, / 
which is merely an amplification of the 4 
principle of the parallelogram of forces, Fig. 21. 
may be thus stated— 

Ff any number of forces acting on a point be in equilibrium, 
and lines he drawn successively in the directions of the forces and 
proportional to their magnitudes, these lines will form a closed 
polygon. 

If any number of forces acting on a point be in equilibrium, 
and if all the forces be known both in magnitude and direction, 
except two, it is always possible to determine the magnitude of 
these when their directions are known. For it is only necessary 
to determine the resultant of the known forces in the manner 
already described. This resultant is also the resultant of the 
two unknown forces; so that we then have the whole system 
reduced to three forces in equilibrium, one of which is known, 
and the other two can be determined in the manner already 
described for the parallelogram of forces. 


CHAPTER V. 
EXTERNAL LOADS ON BEAMS; SUPPORTING FORCES. 


62. Different Kinds of Beams.—The term beam, when used in 
connection with constructional work, is the name given to any 
member of the structure which is exposed to transverse stresses, 
whether the material of which it is composed be timber, iron, or 
steel. The term girder is usually restricted to beams made of 
iron or steel, and of a flanged form—that is, consisting of a top 
and bottom flange connected by a web. In this work the terms 
“beams” and “girders” will be used indiscriminately as meaning 
the same thing. 

A simple beam or girder is one which is supported at its ex« 
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tremities and loaded at a point, or points, intermediate between 
them. 

A semi-beam or semi-girder is a beam or girder fixed at one 
extremity only, and free at the other. The term cantilever is 
also applied to this form of beam, 

A. continuous beam or girder is one supported at three or more 
points. 

Figs. 22, 23, and 24 represent the three kinds of beams re- 
ferred to. AB, fig. 22, is the simple beam, which rests on the 
two supports, A and B, usually termed “abutments,” and loaded 
at an intermediate point with a weight, W. 

Fig. 23 represents a semi-beam or cantilever, which is fixed at 
one end, A, to a wall or other support, termed the abutment, 
and loaded at the other end, B. 





Fig. 24 represents a continuous beam resting on three supports, 
A, C, and Bb. As before, the supports, A and B, are called 
“abutments,” while the intermediate support, C, is termed a 
‘‘mier.” The beams are all supposed to rest in a horizontal 
position, and the horizontal distances between A and B (fig. 22), 
and between A and C and C and B (fig. 24), are termed the 
“spans” of the beams. 

63. External Forces on Beams.—-When a rigid beam, as in 
fig. 22, is loaded at one or more points, these loads, or weights, 
act downward in a vertical direction, and they develop forces at 
A and B, which act upwards in a vertical direction. These 
upward forces are termed the “ reactions” at the points of support, 
or the supporting forces. All these vertical forces are termed the 
external forces acting on the beam, in contradistinction to the 
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forces produced in the fibres of the beam itself, which are termed 
internal forces, and which will be considered ina future chapter. 

The forces which act downwards may, for the sake of con- 
venience, be considered positive, and those which act upwards 
negative. 

Since all the forces are parallel and act in one plane, there are 
two conditions which must be fulfilled in order that the beam 
may be in a condition of equilibrium :— 

(1) The sum of the upward forces must be equal to that of 
the downward forces; or, in other words, the algebraic sum of 
all the forces must be zero. 

(2) The sum of the moments of the forces which tend to turn 
the beam in one direction must be equal to that of those which 
tend to turn it in the other direction ; or, the algebraic sum of 
the moments of the forces with reference to any point must be 
ZeTO, 

As regards loads on beams, there are usually recognised three 
varieties :— 

(1) Loads concentrated at one or more points, which are 
known as concentrated loads. 

(2) Loads uniformly distributed over the whole or certain 
parts of the beam. These are known as uniformly-distributed 
loads and are measured by so many lbs., cwts., or tons, per lineal 
foot of the beam or span. 

(3) Loads made up of a combination of the two former, or 
those which are partly distributed and partly concentrated. 

64. Beam peste on Two Supports and Loaded with a Single 
Weight.—In fig. 22, let m and n be the segments into which the 
weight, W, divides the span, and Jet P “and Q represent the 
reactions at the abutments or the supporting forces; then, by 
the conditions of equilibrium already given, we have 


P+Q=W .  . . ()) 


and taking moments about A ; since the force, W, tends to turn 
the beam about this point in the direction of the hands of a 
clock, and the force, Q, tends to turn it in the opposite direction, 
we get 

W x m= Q(m + n) ‘ : (2). 


We have here two equations, from which the values of the two 
unknown quantities, P and Q, may be determined. Reducing, 
we get 

™ 


QeWees «2 a. « © 


m+ 
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P = Ww Pe ee Ak a e e e (4). 


This latter expression, giving the value of P, may alsa be got 
directly by taking moments about B. 


i d 
If W is in the centre of the beam, m == » = 5, where ¢ = span. 


Substituting these values in the last two equations, we get 


W 
Pi Qe 9 


which shows that when a weight rests in the centre of the 
beam, the reactions at the abutments are equal to each other, 
each being equal to one-half the weight. 

It will be noticed that in the above investigation the weight 
of the beam itself is not taken into consideration, and unless 
otherwise stated, in all future examples this will also be the 
case. 

Example 1.—A beam, 20 feet span, supports a load of 30 tons 
situated at a point 7 feet from the left bearing. Find the sup- 
porting forces, or the reactions, at the bearings. 

Adopting the same notation which we have just been using, 
we get-— 

m = 4%, n= 13, W = 30. 


From equations (3) and (4)— 
7 


Q = 30 x ag = 10°5 tons. 
P = 30 x = 19°5 tons. 


If the weight is at the centre of the beam, 


P= Q=) = 15 tons. 


Example 2.—If the supporting forces at the left- and right-hand 
supports of a beam, 30 feet span, on which is placed a single 
load, be 27 and 13 tons respectively : determine the load and its 
position on the beam. 

The load W == P + Q = 27 + 13 = 40 tons, 
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From equation (3) (by transposing) m = 7 x ¢ 


er mt = = x 30 = 9-75 feet; n = 30 — 9°75 = 20°25 feet. 


40 

The beam is, therefore, loaded with 40 tons, placed at a 
distance of 9°75 feet from the left support. 

65. Beam Resting on Two Supports and Loaded with Two er 

more Weights.—Fig. 25 represents a beam loaded with weights, 





W,, W., W., W,, whose distances from the left support are 
respectively x, 2%, 2) Xy 
Applying the two conditions of equilibrium, we get— 


P+Q=W,+W,+W,+W,=2W . (5). 
where the symbol 3 W signifies the sum of W,, W., Wy, Wy, 
Taking moments about A, we get— 
Qxl= W,a, + Wee, + W,2, + Wyx, = 5 Wao; 
or, Q = a oe 4 « 6) 
Similarly, by taking moments about B, we get— 
Pxl=W,(i - x,) + W,(0- x.) + W, (2 -— x4) + W,(d - #4) = SWE - 2); 


=W U ~ x) (7). 


or, P= 

P may also be found directly from equation (5) when Q is 
known, and vice verad. 

66. Beam Resting on Two Supports and Loaded with a Distri- 

buted Weight.—In the case of a load uniformly distributed over 


the whole or part of the beam, it is only necessary to find the 
centre of gravity of the load, and consider it as a concentrated 
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load acting at this point, and then to find the supporting forces 
(as explained in the first case). 

If a beam of span, (, support a uniformly-distributed load of 
w tons per foot over its whole length, the total load W = wl, 


i 
and each of the supporting forces = “ee 


If the load only covers part of the beam, as is shown in 
fig. 26, the supporting forces may be found thus— 


i at ems Cli 


. tremens eon as ee om ain we fa ne cee ne cae me a coe » 





Fig. 26. 


Let the left-hand portion of the beam for a distance, x, be 
loaded with w per foot, 


Total load W = wa. 
Distance of its centre of gravity from the left support = 


Taking moments about A and B in succession, we get—- 


9 
Ws Ww ww” 
() x l= We x mu or () = Bye and 
oad ot 
6, wa(Ql-« 
Px d= ime t~-}, a: Pex ( a le 
2 Le 
/ oa 


Example 3.—The span of a beam is 0% feet, and it supports 
loads of 10, 15, and 20 tons, resting at points which divide the 
span into four equal parts. Find the pressures on the two 


supports. 
W,=10. W,=15. W, = 20. 
a = 18. ay = 26.0 ey = 89, 1 = 52. 


i 
l 


From equations (6) and (7) 


9049 
Q = 10 x 13 + eee = 95 tons, 


9 
a 10 x 39 + 15 x 26 + 20 x 13 20’ tons. 


F 52 
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P+ Q = 25 + 20 = 45 tons, the total weight on the beam, 
which is a check on the result. 


Kxample 4.—Three wheels of a locomotive rest on a girder 
60 feet span. The centre of the driving wheel is 6 feet 6 inches 
from each of the others, and ZO feet from the left abutment, and 
it transmits a load of 15 tons—that transmitted by each of the 
others being 8 tons. Determine the pressure which the girder 
exerts on the abutments. 

W,= & Wr=1. Wy,= 8 SW = 31. 


=” 


Cee 180. . Bye 20k. wy 200. i = 60. 


il 


Sx 1385 415 «x 20 +8 x 265 
y= laa Gna nar haa, |e Ott 
P = 31 — 10! = 202 tons. 


If the weight of the girder itself be 20 tons, the total weights 
on the abutments, taking this into consideration, will be 20} tons 
and 30% tons respectively. 


Hxample 5.—A railway train 200 fect long, and of a uniform 
weight of 2 tons per lineal foot, comes gradually on to a bridge of 
300 feet span from the left. Find the pressure of the girders on 
the abutments (the weight of the bridge itself not being con- 
sidered). 

(1) When 150 feet of the train are on the bridge, the remainder 
being on the left abutment. 

(2) When the whole train is on the bridge, the left-hand end 
being 60 fect from the left abutment. 

In the first case, the weight of the train on the bridge 
= 150 x 2 = 300 tons; the centre of gravity of the load ts 
75 feet from the left abutment. 


300 x 225 
P= 500 
In the second case, W = 200 x 2 = 400 tons. 


= 225 tons. Q = 300 - 225 = 75 tons. 


= distance of centre of gravity of train from left abut- 
ment = 160 feet. 


_ 400 x 140 


P= —309 


= 1866 tons. Q = 400 — 186°6 = 213°3 tons. 
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If the bridge consist of two main girders, the pressures of the 
ends of the girders on the abutments will be one-half of P and Q 
as found, that is, supposing the rails to lie mid-way between the 
girders, 

67. Beams projecting over one Support.—Fig. 27 is an example 
of a beam, AC, which projects over one of the supports, B, the 
end, ©, being free. If this end be loaded with a weight, W, its 









8 ha 





5 
sae ase | 





Fig. 27. 
action is to cause the beam to turn round B as a fulcrum, 
the end A being lifted off its bearing, unless it is anchored 
down. 
Let P = stress on the anchor bolts, 
Q = reaction of the support B, 


W = weight placed on the end ©, 
Let AB = d and BC = l.. 


Taking moments about B we get— 
Wi 


Px4=+W«i,; or P= ie 
1 


Taking moments about A we get— 
ee 
Qxh= Wh +4) orQa we? cee Ww; 
ifl = 1, + ly : : 


If the beam be loaded with a second weiglit, W,, placed at a 
distance, x,, from A, we get, by the same process, 


= 





Q«x l= Wia, + Wl; or Q = a me 
1 
Taking moments about B we get— 
W,4-«)t PL=Wx l,; ort P = Bote ee) 


" 
If W /, be greater than W, (/, — «,), P will be positive, and act 
in a downward direction, so that, unless the beam, be anchored at 
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this end it will be lifted off the bearing, If, on the other hand, 
W, (4,- 2,) be greater than W /,, P will be negative, and will act 
in an upward direction, In other words, the beam will exert a 
downward pressure on the abutment A, and will not require to 
be anchored. 

There will be little difficulty in finding the supporting forces 
in beams of this description when loaded with any number of 
weights, cither concentrated or distributed, and placed in any 
position. 

Kxample 6.—A beam, AC, 20 feet long, is supported on two 
bearings, A and B, in the manner shown in fig. 27, A B being 
equal to 12 feet and BC = 8 feet. The portion BC is covered 
with a uniform load of 50 lbs. per foot, and a concentrated lead 
of 100 lbs. acts at a point on the beam 6 feet to the left of B. 
Determine the upward reaction at the bearing B, and also the 
nature and amount of the reaction at A. 

The load on BC = 8 x 50 = 400 lbs, and its centre of gravity 
is 4 feet to the right of B. 

Taking moments about A we get-— 


Q x 12 = 400 x 16 + 100 x 6; or Q = 583°3 lbs. 
Taking moments about B we’ have— 
P x 12 = 400 x 4 - 100 x 6; or P = 83:3 lbs, 


It will be necessary, therefore, to anchor the end A, the 
stress on the anchor bolt being 83:3 Ibs. 

Example 7.—In fig. 27, 2, = 20 feet; 2, = 30 feet; the portion 
A.B of the beam is loaded with a distributed weight of 4 ton 
per foot. The end A is anchored to the abutment by means of 
a single bolt 2 inches in diameter. What weight placed at the 
extremity of the beam C will produce a tensile stress of 5 tons 
per square inch op the sectional area of the bolt?! 


Sectional area of bolt = 3:1416 square inches. 
Total stress on bolt = 5 x 3-1416 = 15:71 tons. 
Let W = required load. 


Taking moments about B, we get— 
W x 30 = 15-71 x 20 + 10 x 10; or W = 138 tons. 


Example 8.—In fig. 27, A B= 10 feet. Two weights of 20 
tons and 30 tons are suspended from the arm BC at distances 
of 15 feet and 20 feet from B respectively. The end A of the 
beam is anchored to the abutment by two bolts of equal diameter. 
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Determine the diameters of these bolts, so that they may be 
subjected to a stress of 4 tons per square inch. 

If P = total stress on the bolts, by taking moments about B, 
we have— 


Px 10 = 20 x 15 + 30 x 20; or P = 90 tons; 
that is, 45 tons on each bolt. 


~ 


The sectional area of each bolt = oe = 11°25 square inches. 


If x = diameter of bolts, ‘7854 27 = 11:25; or x = 3-8 inches. 


68. Beams projecting over both Supports.—Fig. 28 shows an 





Fig. 28. 


arrangement where the beam projects beyond its supports in the 
form of two cantilevers. 
As before, let P and Q represent the supporting forces :— 


Let 7 
, and J, 


length of beam between the supports 5 
lengths of projecting arms. 


i ft 


W, and W, are weights placed at the extremities A and D; 
and W, is a weight resting on the central bay at a distance x 
from Bb. 

It is required to determine, for a beam under these conditions, 
expressions for the values of the supporting forces P and Q. 

Taking moments about B and © successively, we obtain— 


Qxl+W,x4= W, x «+ Wg x (1 + 4), 


from which we obtain by reducing— 


Ge W,2 + Wa Sees 1.) - W, Z, (8), 
Also Px l+W,xl,= W,(¢-— x) + W, (1 + 2); or 


pm Welln a) + Wis aks (9). 
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From these two equations we get P + Q= W, + W, + Wy 
which proves their accuracy. 

Example 9.—A beam 50 feet long rests on two supports 20 
feet apart ; the left- and right-hand ends projecting beyond the 
supports 18 feet and 12 feet respectively. Loads of 10 and 15 
tons rest on these ends, and a load of 20 tons rests on the 
central bay at a distance of 7 feet from the left support. Deter- 
mine the supporting forces. 

Referring to fig. 28 we find 


W, = 10 tons. W, = 20. W, = 15. 
lL, = 18. P20. dae: 
Substituting these values in equations (8) and (9), we get 


20. x 7 + 15 x 32 —~10x 18 


x= 7. 





Q = oe = 22 tons. 
20 x 13 4.10 x 88 - 15 x 12 
aie {eo 23 tons. 


P+ Q = 22 + 23 = 45 tons = W, + W, + W,, 
which gives a check on the result. 


Example 10.—In the last example, if the beam be loaded with 
a distributed weight of 3 tons per foot, determine the supporting 
forces. 


W,=18 x 3= 54tons. W, = 20 x 3 = 60 tons. 
W.=12x3= 36 2 =9 = 20. 4=6 w= 10. 
Substituting these values in equations (8) and (9), we obtain 
e 2 * ca 5 ) = 

Q = SA ET OEM 2 525 tons. 


hd x 299- ! 
P = a ee = 97:5 tons. 


P + Q = 150 tons = total load on beam. 








69. Continuous Beams.—In fig. 24 we have an example of a 
beam resting on three supports—one at each end and one inter- 
mediate. Such a beam is said to be a continuous beam of two 
spans. If the beam rest on four supports, it is a continuous 
beam of three spans, and so on. . 

At first sight it would appear that in beams of this class the 
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reactions at the various points of support would be the same as 
if the beam were disconnected at the points of support into a 
number of independent beams ; but this is not so, as will appear 
more clearly when we come to discuss the bending moments on 
continuous beams. 

Consider fig. 24 to represent a beam continuous over two 
equal spans, /, and uniformly loaded with w per unit of length. 
The total weight on the beam will then be 2 wi. 

If the beam be cut through at C, so as to form two independent 
beams, we should have— 


The load on the central pier = wl. 
ol 
The load on each abutment = ,. 


ond 


If the beam be continuous, the total load on the pier and the 
two abutments remains the same as before, namcly, 2w/ ; but 
its distribution is quite altered. 

If the central pier be a little Aigher than the side abutments, 
the total weight of the beam, 2 wi, will rest upon it, and there 
will be no pressure on the abutments. The beam would then 
consist of a double cantilever resting on C, the two arms being 
CA and CB. 

Tf the central support be lower than the side supports, the 
total weight of the beam would be carried by the side supports 
alone, the pressure on each being equal to wl; while there 
would be no pressure on the centre. Usually the three sup- 
ports are considered to be in the same horizontal line, and the 
actual pressures upon them will be somewhere between the two 
extreme cases considered. These pressures cannot be deter- 
mined by the principle of the lever, and recourse must be had 
to a method which involves very tedious and intricate calcula- 
tions. It is not proposed to go into this analysis here; those 
who wish to do so will find the subject fully treated in the 
works of Humber, Stoney, and other writers. 

In actual practice it is not advisable to adhcre too closely to 
merely theoretical rules in the case of continuous beams. A 
slight elevation or depression of one or more of the points of 
support will alter to a large extent the amount of the supporting 
forces ; and, congequently (as will be seen in a future chapter), 
the bending moments and stresses on the beam will also be altered. 

It must be borne in mind that practically all girders are more 
or less flexible ; if this were not 80, continuous girders could not 
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be tmployed at all, and it would be impossible to. investigate 
their strength. 

70. Continuous Beam of Uniform Section and of Two Equal 
Spans, each Loaded Uniformly throughout its entire Length.—In 
fig. 29, 

Let AC = CB =/ = length of cach span ; 
w = joad per unit of length on AC; 
w, = load per unit of length on CB; 
P, R, Q = reactions at the three points of support, A, O, 
and B respectively. 







— a per foot - 
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Fig. 29. 
We have the following two, amongst other conditions of 
equilibrium :— 
By taking moments about C we get— 


Pilewlx =Ql-wixs . (10) 
Also, P+R4+Q=(4+um)l .  . (Al). 


It may be shown from these, and other relationships, that 


Pp 7w-w, 
mw fj 


val ee eC 


Qn a  & 203) 


RaS(wemje. . (Id) 


If the intensity of Joad on both spans be the same, we have 
w = w,; and the supporting forces become 


P=Q- ‘wl : ; ; (15). 


R = zw ~ « «© (16), 
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Example 11.—A continuous girder of two equal spans, 50 feet 
each, is loaded with a uniform weight of 2 tons per foot on the 
left-hand span, and 3 tons per foot on the other span—What 
are the pressures on the three points of support? 


We have— 
w= 2, w, = 3, @ = 50. 


Substituting these values in equations (12), (13), and (14), we 
have— 





P = ae = x 50 = 34:375 tons. 
Q= eee x 50 = 59-375 tons. 


156°25 tons. 


I 


R= -(2 + 3) x 50 


If this girder be divided over the central support, so as to 
produce two independent girders, the supporting forces would 
be ' 

P=50, Q= 7, R = 125. 


It will be seen, therefore, that the effect of giving continuity 
to the girder, is to increase very much the pressure on the 
centre-support and to diminish it on the side-supports. In 
consequence of this, it is not advisable, in actual work, to use 
continuous girders where the foundations for the piers are 
unreliable. There are two reasons for this—Ist, because the 
pressure on the pier is increased; 2nd, if the foundations 
subside the whole character and amount of the stresses in the 
main girders are altered. 

Example 12.—A railway bridge, carrying a double line of 
rails, crosses a ravine 400 feet in clear width between the 
abutments. The platform is carried by two main girders, which 
are supported at their centres by an intermediate pier; the 
girders being continuous over the pier. If the dead weight of 
the superstructure be equal to 2 tons per foot, and the weight 
of a train of carriages be equal to 1} tons per foot; determine 
the pressures on the pier and abutments when the bridge is 
fully loaded with two trains. 


Dead load on each span = 200 x 2 = 400 tons ; 
Live load on each span = 2 x 200 x 14 = 500 tons; 
Total load on each span = 900 tons. 
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We have, therefore, from equations (15) and (16)— 


Total pressure on picr = : x 900 = 1,125 tons. 


4 
Total pressure on each abutment = : x 900 = 337°5 tons. 


71, Continuous Beam of Uniform Section and of more than 
Two Equal Spans, each Loaded Uniformly throughout its entire 
Length.—By means of the theorem of three moments, which is 
due to Clapeyron, the pressures on the piers and abutments of 
continuous beams of any number of spans, whatever may he 
their dimensions, and however loaded, may be calculated. The 
investigation is too abstruse and tedious to be introduced here. 
The following table, however, gives the result of these calcula- 
tions up to 5 spans ; the spans being all equal to each other, and 
the distributed load being uniform throughout. 


~ == length of each span. 
w = load per unit of length. 























TABLE XVI. 
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From this table it will be seen that the larger the number of 
spans, the more equable are the loads on the piers. For all 
spans over five the load on each of the piers, with the exception 
of the first and last, is practically equal to wl; while that on 
the first and the last is very little more. 

Example 13.—A continuous beam of four equal spans, 20 feet 
each, is loaded uniformly with 5 cwt. per foot. What are the 
loads on the five supports ? 


w= Sewt, J= 20 feet. wl=5 x 20 = 100cwt. = 5 tons. 
Load on Ist and 5th supports = a x 5 = 1:96 tons. 
32 
Load on 2nd and 4th , = 5g * H=- 571 ,, 
Load on 3rd » = . x 5= 464 ,, 


It must be remembered that the results given in Table X VI. 
are based on the assumption that the beams are of uniform 
section throughout. 

In the case of beams of uniform strength, that is, beams in 
which the strength at the different parts is made proportional to 
the stress coming on these parts, the results arc different. For 
example, for a beam of uniform strength, continuous over two 
equal spans, /, uniformly loaded with zw per foot, 


1 
The pressure on each abutment = a W i, and 


4 


The pressure on the central pier = z, wl. 


CHAPTER VI. 
BENDING MOMENTS FUR FIXED LOADS. 
72. Definition — When a beam resting on two supports is loaded, 


it becomes deflected downwards in a vertical direction; the 
amount of deflection being different at different parts of the 
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beam. A bending moment is developed at each section, and 
the amount of this moment is proportional to the deflection 
and also to the longitudinal stress existing at each section. In 
order to determine these stresses it will first be necessary to 
determine the bending moments. 

When a beam is acted upon by external loads, the bending 
moment at a given section is equal to the sum of the moments, 
taken relatively to that section of all the external forces acting on 
the portion of the beam on either side of it. 

It does not matter which segment is considered, the result 
being the same in both cases. 

73. Bending Moments in a Beam produced by a Single Load.— 
The beam, A B (fig. 30), is loaded with a weight, W, at a dis- 
tance, m, from the left abutment; the span of the beam being /; 
it is required to determine the bending moment of the beam at 
the section, a 6, situated at a distance, x, from the left abutment. 
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Fig. 30. 


Let P and Q represent the reactions at the abutments. 

The external forces acting on the segment to the left of ad 
are represented by the single force, P; those acting on the 
segment to the right of «4 are represented by W and Q. 

First consider the left segment. 

Let M,, = bending moment atab, then from our definition 

t—m 


M,., = Px, and as P = aa 
we get M,, = Wa = S o- ee a a): 
Next consider the segment to the right of ad. 


In this case we get M,, = Q(/ —- 2) - W(m — z). 


Putting for Q its value", we get 
Mos = Wa —W (m -— x), or M,, = Wes 


d 


which is the same as that nreviouslyv found. 
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For the given position of W, M,, will be a maximum when 
#18 @ maximum; that is, when x = m. 

The greatest bending moment, therefore, in a beam loaded 
with a single weight occurs at the point of application of the 
weight. 

When W is expressed in tons, and the other dimensions in 
feet, M will be expressed in foot-tons. If W be expressed in 
pounds, and a, J, and m in feet, M will he expressed in foot- 
pounds, and so on. 

Example 1.—A beam 20-feet span, supported at its extremities, 
is loaded with a weight of 5 tons, situated at a point 7 feet from 
the left abutment. Determine the bending moment at a point 
12 feet from the left abutment, at the centre of the beam, and 
at the point of application of the load. 


ea 
20 
Let M,, M,, M, be the required bending moments. 
M, = Q «x (20 - 12) = 1:75 x 8 = 14 foot-tons. 
M, = Q x 10 = 17°55 foot-tons. 
M,=Px« 7=2275 ,, 


74, Beam Loaded with a Number of Weights.—Let W,, W. 
W,, W,, W,, W, be a number of loads resting on the beam, A B, 
as shown in fig. 31. 


P = 


= 325 tons, Q =f -- 3:25 = 1:70 tons. 





Let « = distance from the abutment, A, of the section, whose 
bending moment it is required to determine, and let x, x, - - - 
2, represent the distances of the several weights from this section. 
It is a matter of indifference which segment is considered ; the 
moment of one segment is positive, and that of the other 
negative. 
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Considering left segment, we get 
M = Pa — (W, x, + Wo2, + Wo 25). 
Considering right segment, we get 
M=Q(l—- x) —(W,2, + W,a, + Wo %9)- 

If the values of P and Q be substituted in these expressions, 
it will be found that they are precisely the same. 

If M,. M,, - - - Mg, represent the bending moments at the 
points of application of W,, W., - - - Wy, we get the following 
expressions for these moments :— 

M, = P(x - a). 

M, = P(e — x) — W, (x, - 9). 

M,, = P(e - 2.) — W, (2, — 73) — Wo (x2 — 2s). 
M, = Q(y - a) -— Wer, - 4) -— Wa"; - 24): 
M, = Q(y— a) — We (a, — ;): 

M, = Q(y - xg). 


Example 2.—A beam 50 feet span is loaded with weights of 
5, 6, 7, and 8 tons, situated at points distant from the left abut- 
ment of 10, 25, 30, and 40 feet respectively. What are the 
bending moments at these points ? 

ox 4046 2547 x 2048 x 10 


P23 ik: | Gann 11-4 tons, 


Q = 26 — 11-4 -: 14°6 tons. 

M, = 11-4 x 10 = 114 foot-tons. 

M, -= 114 «x 25 - 5 x 15 = 210 foot-tons, 
M, = 14:6 x 20 —-8 x 10 = 212 ‘5 

M 14°6 x 10 = 146 foot-tons. 


75. Diagram of Bending Moments.—The bending moments at 
the different sections of a beam may be found by means of a 
diagram. The graphic solution is often simpler and more ex- 
peditious than that obtained by algebraic methods. We propose 
to apply both methods in obtaining the bending moments of 
beams and cantilevers loaded in different ways, one being used 
asa check on the other. It is important to bear in mind that 
in order to get correct results by the graphic method, it will 
be necessary to draw the diagrams correctly and to a large scale. 


{ 


il 


8 
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When this is done, the results as obtained by measurement may 
be relied upon to the same extent as those obtained by algebraic 
methods. 

76. Case I.—-Beam supported at each end and loaded with a 
Single Weight.—Let A B (fig. 32) represent a beam of span, J, 
loaded with a weight, W, at the point, C, distant # from A. We 


O 


Cs 


7m, 





jn] © | dE ~~~ BR 
be hedendl wo XY ae Ae AP SED SR MOY em l-x ORR EET at HO em oe 


Ww 
Fig. 32. 





have already seen that the bending moment at C is represented 
C— 2x 
algebraically by the equation M, = We / 

Draw a vertical line through C, and on it set off on any scale 


of foot-tons, CO = Wx a * Join AO and OB. The triangle 


AO Bis called the diagram of bending moments of the beam, 
the different ordinates of the triangle representing the bending 
moments at these points. 

To find the bending moment at any point, m, it is cnly neces- 
sary to raise an ordinate at this point, intersecting the line O B 
at m,. The ordinate mm,, so drawn, will give the bending 
moment atm. In the same way the bending moments at any 
other point of the beam may be found. 

It will be seen that the maximum moment is that represented 
by the line OC, and this occurs at the point of application of 
the load. If the load be placed in the centre of the beam the 
diagram of moments will be represented by an isosceles triangle. 

Example 3.—A beam 32 feet span is loaded with a weight of 
5 tons, placed 12 feet from the left support. Draw the diagram 
of moments. 

From equation (1) the moment at C is 


9 
Mz = ee ae 37°5 foot-tons. 


32 


Set off, therefore, O C (fig. 32) on any scale of foot-tona = 37-5. 


~ 
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Join AO,OB; AOB will then represent the required 
diagram, 

In order to find the bending moment at the centre of the beam, 
and a point 25 from left support, set off Ac = 16 and Am = 25, 
and draw the verticals ¢c,, mm,. Measuring these lines on the 
scale for foot-tons, we find cc, = 30 foot-tons, and mm, = 13:125 
foot-tons. 

These results may be checked by the algebraic method thus :-— 


M, = Q x cB, and M,, = Q x mB; 


ry s) 
and as Q = a = 1-875 tons, 
M, = 1875 x 16 = 30 foot-tons, 


M, = 1875 x 7 


which confirm the previous results. 

It will be seen from this that, for any beam supported at its 
extremities and loaded with a single weight, the bending 
moments at the points of support are zero, and that they gradu- 
ally increase as we proceed from these points to the point of 
application of the load, where they become a maximum. Also, 
that if the beam supports ‘a single rolling load which travels 
across it, the greatest bending moment occurs at its centre and 


li 


13°125 foot-tons, 


is expressed by M..,.= W x a where / =span; and the maximum 
bending moment at any other point distant, x, from the abutment 
is M, = W.. — Be 


77. Case IT.—- —_ supported at both Ends and loaded with 
two or more Weights.—The method of finding by analysis 





the bending moments of a beam thus loaded has been alread 
explained. To construct a diagram of bending moments let A 
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(fig. 33) represent a beam loaded with weights, W,, W,, W,, rest- 
ing on the points a, b,c. Construct the diagram for each weight 
im succession, on the supposition that it is the only load resting 
on the beam. Each of these diagrams will be represented by a 
triangle. Referring to the figure, A a, B will be the diagram for 
W,, Ad, B for W,, ‘and A ¢, B for W,. At the point a, aa, will 
represent the moment for W,, aa, that for W,, and aa, that 
for W,. The total moment at a will be the sum of these. If 
we set off, therefore, on the ordinate, the length aa, = acy 
+ aa, + aa,, this line will represent the total bending moment 
at a tor the three weights. In the same way make Jb, = bb, 
+ 6b, + b6b,; 66, will then represent the total bending moment 
at b; similarly cc, will give the total moment at c, where cc, is 
the sum of ce, cc, and ec, Join Aa,b,c, B; this polygon 
will give the curve of bending moments of the beam when the 
three weights rest upon it simultaneously. The length of the 
ordinate from any point of the beam to the polygonal figure will 
give the moment at that point. 

Another and more direct way of drawing the diagram curve 
is that shown in fig. 33a, which represents a beam, A L, of span 
I, loaded with weights W,, W., Ws, Wy, resting at the points 





Fig. 33a. 


a,6,c,andd. The bending moments at these points, when all 
the weights rest on the beam, are first found analytically, as 
already explained. Draw the ordinates aa,, 65, ce, dd, 
making these lines on a scale of foot-tons equal to the moments 
at a,b,c,d. Join Aa,, },,¢,, d,,B. This polygon will be the 
diagram for the beam. 

To find the moment at any point, x, draw the ordinate «,, 
intersecting the polygonal curve at #, The line xx, will give 
the moment required. 

We shall illustrate this further by taking a practical example. 
Consider the .case of a beam 50 feet span and loaded, as in 
example 2. 
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We have here— 

W, = 5tons, W,= 6, W,=7, W,= 8 
P = 11-4 tons. Q = 14°6 tons. 

M, = 114 foot-tons. M, = 210 foot-tons. 

M, = 212 foot-tons. M, = 146 foot-tons. 

Set off to scale (fig. 33a) aa, = 114,66, = 210,cc¢, = 212, 
d d,-: 146; then, as before, A a, 6, c,d, B represents the diagram 
of moments. 

Since P is greater than W,, or, to write it more concisely, 
P>W,, the line a, 6, must incline upwards towards the right, 
and consequently the bending moment gradually increases he- 
tween the points «@ und 6; also since P > (W, + W.), b,¢, 
must also-incline upwards from 0, to ¢,, though only by a very 
small amount. Since P<(W, + W, + W,), ¢, ¢, must slope down- 
wards towards the right, or the bending moment decreases be- 
tween the pointscand d. Lastly, since P<(W, + W.+ W,+ W,), 
d, B must also slope downwards toward the right. The maxi- 
mum moment occurs at that point of the polygon where one of 
the sides slopes upwards and the adjacent side slopes downwards. 
If one of the sides of the polygon be horizontal, the maxiinum 
moments occur on that portion of the beam opposite this side. 
Tt will be seen from tlis that if’ we commence at the left abut- 
ment and pass towards the right, the sides of the polygon will 
slope upwards towards the right when the reaction of the left 
abutment is greater than the sum of the weight passed, and vice 
rersd. IPf the reaction of the abutment be eyuat to the sum of 
the weights passed, then the side of the polygon for that interval 
will be horizontal. 

To tind the moment at any intermediate pvint on the beam, 
say at /, where Ad = 15 feet; draw the vertical /d,, intersecting 
the side of the polygon at /,, The line ¢/, will represent the 
required moment, and by measurement we get M, = 165:2 foot- 
tons, This result may be checked algebraically, as follows :-— 


M,.: Px Al-— W, x al= 114 x 18 —5 x 8 = 165-2 foot-tons. 


78. Position of Maximum Bending Moment.—The point of a 
beam loaded with weights W,, W., W,, &¢., where the bend- 
ing moment is a maximum, may be found by calculation 
thus :—-Having found P, subtract the quantities W,, Wo, 
W,, ce, from it in succession, until the remainder becomes 
zero, or a negative quantity. When the remainder, by adopt- 
ing this process, becomes zero, there will be more than one 
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point of maximum bending moment, and they will occur at all 
sections of the beam between the position of the weight last 
deducted and the weight next in order. When the remainder 
becomes neyative for the first time, there will only be one 
maximum bending moment, and it will occur at the weight last 
deducted. In the example we have just been considering, 
P -— W, = 11-4 - 5 = 6-4, a positive quantity; P- W, - W, 
= 1]4- 5-6 = 0-4, also a positive quantity ; P - W, - W, 
~W, = llt-5-6-7=-— 66, a negative quantity. The 
maximum bending moment occurs, therefore, at the point of 
application of W, which agrees with that obtained by means of 
the diagram. 

79. Purely Graphic Solution —The diagrams of bending mo- 
ments which have just been given do not afford a complete 
graphical solution of the problem, inasmuch as the moments at 
the points of application of the weights have first to be deter- 
mined by algebraic or arithmetical calculation. It is possible, 
however, to dispense with these calculations and to determine 
the curve of moments by a purely graphical method only, in the 
following manner :— 

A B (fig. 34) represents the beam. Set off to scale the points 
of application of the weights at a, b,c, and d. In the example 





under consideration, Aa=10, ab=15, be=5, ed=10, d B= 10. 
On the vertical line a, a, (fig. 35), set off a, a5, a, 2g, Ly Ny By Ke, 
on a scale of tons, equal respectively to W,, W,, W,, W,. In. 
the present case x, 7, ~ 5, 2,2, = 6,a,%, = 7, x, 2%, = 8 


PURELY GRAPHIC SOLUTION. 1) 


Take any point O and join it to the points x, % 2%, %, and <,. 
Through the points A, a, b, c,d, and B, in fig. 34, draw verticals, 
Through A,, any point on the vertical through A, draw A, a, 
parallel to O z,, meeting the vertical through a at a, In the 





Fig. 35. 


same way draw a, b,, 6, ¢, ¢) dy and d, B, parallel respectively 
to Ox,, Ow, Ox, and Ow, meeting the ordinates through 6, ¢, 
d, and B, at the points 4,, ¢, d,, and B,: join A, B, Through 
O draw OR parallel to A, B,, meeting x, x, at the point R. 
x, R will then represent the reaction at the left abutment, or 


x, R= P = 11-4 tons. 
Similarly Ra, represents the reaction at the right abutment, or 
Ra, = Q = 14°6 tons. 


This is a very important solution, and shows how the supporting 
forces, in the case of a beam loaded with one or more weights, 
may be determined graphically. 

The polygon A, a,b, c,d, B,, represents a diagram of bending 
moments, but as the position of the point O(in fig. 35) 1s not known, 
the values of these moments cannot be determined by this diagram. 
In order to determine these values it will be necessary to con- 
struct another diagram in the following manner :—Through R 
draw the horizontal line R O,: on this line take a distance, O, R, 
equal to some integral number on the scale of the horizontal, 
dimensions of the beam. For example, make this polar distance 
O,R = 10, which is one-fifth the span of the beam: join O, x, 
0, %, O, 2, O, x, and O, 2, and construct tho polygon A a, 4, 
¢, d, B (fig. 34) by drawing lines parallel to these. This 
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polygon will represent the bending moment diagram of the 
beam. If correctly drawn, the last line, d, B, will come exactly 
to the point B. The bending moment at any point of the beam 
is proportional to the ordinate at that point, and its amount is 
determined by measuring the ordinate on the scale for vertical 
loads adopted in tig. 35, and multiplying the result so found by 
the polar distance O, R. For example, the ordinate aa, = 11°4, 
and multiplying this by O, R = 10, we get— 


M, = 11:4 x 10 = 114 foot-tons. 
Procecding in the same way for the other points we have— 
M, = 210 foot-tons, M, = 212 foot-tons, M, = 146 foot-tons, 


which agree with the results previously found by calculation. 
The bending moments may be found directly by measuring the 
ordinates on a new scale for moments. This new scale being 
constructed by subdividing each division on the scale for tong 
into 10 equal parts, as the polar distance is equal to 10 on the 
scale for dimensions If the polar distance be 5 or 6, the 
divisions on the scale for tons must be subdivided into 5 and 6 
parts respectively. 

80. Graphic Determination of the Centre of Gravity of the 
Loads on a Beam. --The centre of gravity of the loads on the 
beam may be found graphically thus: --Produce the two sides, 
Aa, Ba,, of the polygon in fig. 34 until they meet at Ej; draw 
the vertical E E,; E, will be the centre of gravity of the weights 
W,, W., Ws, and W,. 

fixample 4.-~A beam 60 feet span is loaded with 7, 12, 10, 
and 3 tons placed in order, proceeding from left to right, and 
dividing the span into five equal parts. Determine the point on 
the beam where the bending moment is a maximum. 

7x 48+ 12x 36+ 10 x 2443 12 


P = cossncoectlathe seas pty Recta hs ocr ee Hanis Gal ee ine ei Te) — we ; 
60) 17-4 tons 


Q = 32 - 17-4 = 146 tons. 


Deduct the first load from P ; we get 17-4 - 7 = 10-4, a positive 
quantity. From this amount deduct the second load, we get 
104 - 12 = — 16, a negative quantity. The point of the 
beam, therefore, where the maximum moment occurs, is at the 
weight of 12 tons, or 24 feet from the left abutment. 

The moments at the points of application of the different 
loads are thus found analytically :— 
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M, = 17-4 x 12 = 2088 ft.-tons. 

M,, = 17-4 x 24-7 x 12 = 333-6 ft.-tons. 

My) = 17°4 x 36 — 7 «x 94 - 12 x 12 = 314-4 ft.-tons. 

M, = 17-4 x 48-7 ~ 36 — 12 x 24-10 x 12=175-2 ft.-tons. 


The student should check these results hy the graphic method. 

The bending moment at a point midway between two loads 
is the mean of the moments at the points of application of the 
loads. For example, the moment at the point midway between 
the loads of 12 and 10 tons in the last example 


3336 + 314-4 
ioe si so = 324 foot-tons. 

Example 5A beam 40 feet span supports four loads of 5, 1, 
9, and 3 tons, situated at distances of 10, 18, 32, and 36 feet 
respectively from the leftabutment. Find the maximurn bending 
moment and where it occurs. 
5x 3041x224+2x8+3x% 4 | 

Oe ge te PD tons. 


OS 56 P-W,=5-5=0. 


P = 


The maximum bending moments will therefore occur at the 
points of application of 5 and | tons, and at all points between 
them, and its amount is 


M,., = 9 x 10 = 50 foot-tons. 
The bending moments at the other weights are 
M, = 6 x 8-3 x 4 = 36 foot-tons. 
M, = 6 x 4 = 24 foot-tons. 
81. Case III._Beam Supported at both Ends, and Loaded with 


a Uniformly Distributed Weight.—'The beam shown in fig. 36 is 
thus loaded—- 


Let 1 = span of beam ; w = load per unit of length ; 


W = total load on the beam = wl. 


wl 
The supporting force at each abutment = -;-. 
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To find the bending moment at any section, aa, at a distance, 
z, from the left abutment, we have the segment Ada, held in 
equilibrium by 

(1) The upward reaction of the abutment acting at A, and 


w 
equal to a 


2) By the load on the segment which equals wa, and which 
acts vertically downwards, and may be supposed to be concen- 
trated at its centre of gravity ; and 

(3) By the bending moment at aa. 

We have, therefore, 
M =x e- wes aQtl-2) «+ QQ 


2 





Fig, 36. 


Equation (2) gives an expression for determining the bending 
at any point of a beam loaded with a uniformly distributed 
weight. This expression isa maximum when x = J — a, that is 
when w= ). 


The maximum bending moment will, therefore, be at the 
cenire of the beam, and is expressed by the formula, 
wt 


Mon = 7 e . ° * ° (3). 
when z = 0, and x = 7,M, = M, = 0. 


The expression M, = > (1 — x) is the equation to a para- 


bola, The diagram of bending moments for a beam supporting 
a distributed load will, therefore. be represented by a parabolic 
curve whose axis is vertical and passes through the centre of 
the beam. 

To construct this parabola draw an ordinate through the 
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centre, on a scale of fuot-tons = This line will represent the 


axis of the parabola, and its highest point will be the vertex. 
Two other points on the curve will be those points on the beam 
over the edges of the abutments. 

Example 6.—A girder of 60 feet span has a load of § ton per 
foot distributed over it. Determine the bending moment at the 
centre of the girder, and also at points 12 feet and 24 feet from 
the centre. 


In equation (2) we have w = s i = 60; x = 30, 18, and 6 for 


the three cases. Let M,, M,, My be the three bending moments 
respectively. 


wi? 3 (60) 
1 » te = 


NY — a 7 eS 2) ~ oe 
M, aa . 30/0 foot-tons 
M, = : x Is x 42 = 283-5 foot-tons. 

a ee. 
M, = $x 5 x= 115 


a 


82. Beam Supported at both Ends, and Loaded with a Uniformly 
Distributed Weight over a certain portion of its Length next to 
one Support.-A B (fig. 37) is a beam of span /-feet: supporting 
a load of w per foot, distributed over the length, a, next the 





Fig. 37. 


abutment, A. In order to determine the supporting forces, 
P and Q, this load may be supposed to be concentrated at its 


centre of gravity, which will be at a distance, > from the left 


abutment 


9l-a wa? 
P=wa” Paes oe SS ee 
gf 3 8=ay 
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To determine the bending moment at any point a‘ a distance, g, 
from the left abutment, we get, when x=a or when x >a, 


M,=Pa-wa(«-$)=" 90") - . 





and when «<a we get 


“pene TOPfet- 41g 
M,=! L~- wz 9 5 \ a alas eer : : (5). 


If the load do not extend beyond the centre of the span, the 
maximum bending moment will be at the extremity of the load, 
or when a=a. If the load extends beyond the centre of the 
beam the greatest bending moment may be found thus—If (© is 
the centre of the beam and & that of the load, set off kn, so 


that kn =kOx 5; n will be the point of the greatest bending 


r} 3 
moment. 

Diagram.—TYo construct the diagram of bending moments for 
this beam. Take the line A, B, (fig. 38)=/. Make AC =a; 
2(] 
draw the ordinate oe ees esa got from equation (4) by 


putting xa. Join A, D, B, D. 
Draw a parabola on A, ©, representing the bending moments 





Fig. 38. 


on A, C, on the supposition that it is an independent beam of 
span, a, supported at A, and C, and uniformly loaded with a 
weight, wa. Next take a number of points, ¢, d, e, f, on C A,, 
and through them draw ordinates, making each ordinate equal 
to the sum of the ordinates of the triangle A, DC and the 
parabola—for example, cc,=c¢c,+¢¢,, and so on for the others. 
These ordinates will represent the bending moments at these 
points, and A, f, e, d, cs D B, will represent the curve of bend- 
ing moments for the beam. 

Example 7.—A beam, 54 feet span, is loaded uniformly for a 
distance of 36 feet, measured from the left abutment, with 15 cwt. 
per lineal foot. Find the position of the maximum bending 
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moment, and its amount; find also the bending moment at the 
centre of the beam, and draw a diagram of the curve of 
moments. 

Referring to fig. 37, we have 1=54, a=36, w=15, kC=9. 
If 2 be the point of maximum bending moment 

36 
ku: 9 x 547 

The maximum moment, therefore, occurs at a point 24 feet 

from the left abutment—- 


6, or A n= 24, 


108 — 36 
108 
Q = 540 — 360 = 180 ewts. 
From the equation 


M,=P2- se ; by putting «= 24, 


Pz: 15 x 36 x = 360 cwts, 


we get 


5 (94\2 
eee): = 4,320 foot-cwts, 


wed 


M, = 360 x 24 ~ 


which is the maximum bending moment on the beam. If M,= 
moment at the centre, 
~ 15(27) ae 
M,.= 360 x 27 - —-5 ~- =4,252°5 foot-cwts. 
The bending moment at the right-hand extremity of the load, 
or at a point 36 feet from the left abutment, is given by equa- 
tion (4). 


Myg = 


” 


wa (i — a) _ 19 x (36) x 18 _ 3 940 foot-cwte. 











2 9x 54 





- 83. Beam Supported at both Ends and Loaded Uniformly over a 
Portion of its Length not extending to either Abutment.—Let A B 
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fig. 39) represent a beam of span /, and loaded over the portion 
D with a weight of to per unit of length. 
Let CD =a, AOC = 8, 
Total load on the beam = wa. 


a 
P= wa. aha Q=wa.--. 


The bending moment at any section between A and C is 
given by the equation— 


M, = Pe = 2" (2-6-4) s « ©) 


where x = distance of the section from the left support. 
For any point between D and B 
a 7 
+ 3) ° e ( f ): 


M,=QU-2)=""U- a(0 
M,= Px - ea “re (1 —-b- 5) ~- ge. (8). 


t 


For any point between C and D 


From one of these three equations we can determine the 
bending moment at any section of the beam. 
The maximum bending moment occurs at the point », where 


kn=sxkO. . 2 5 (9). 


where O is the centre of the beam, and & that of the load. 
Diagrant of Bending Moments.—Let A, B,, fig. 40, represent 





Fig. 40. 


the beam ; the load extending over the portion C, D, which is 
equal to a; K, is the centre of O, D,. 
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The moment at K,, on the supposition that the whole load wa is 
vom 2) where A, K, =m. 
Draw the vertical, K, H, to represent this moment. Join A, H, 

B, H. From the extremities of the load C,, D,, draw the ver 
ticals C , C2, D,D,. Join, D,. Next consider the portion of the 
beam C, D, as an independent beam supported at C, and D,, and 
loaded uniformly with the weight wa. Construct the curve of 
bending moments for this beam: this curve will be represented 


by the parabola C, K,, D,, whose central ordinate K, K, = ane 


concentrated at this point, will be = 


By laying off ordinates from C, D,, equal to the ordinates of 
the parabola C, K, D,, we get for the complete curve of bending 
moments the curve U, F D,, and the two straight lines A Cc; 
B, D,; the latter being tangents to the curve at the points C, 
and D,. 

Example 8 8.—A beam 72 feet span is loaded uniformly with 
1 ton per lineal foot over the portion commencing at 12 feet from 
the left support, and ending at the middle of the beam, or for a 
distance of 24 feet. Find the bending moments at each end of 
the load, and also the position and magnitude of the maximum 
bending moment. 


Total load on beam = wa = 24 tons. 
a=24,6=12,d = 


) 
P = wb - 3) = 7a * (72 - 12 ~ 12) = 16 tons. 


(2 
Q = 24 -— 16 = 8 tons. 
The moment at the point C, fig. 39, is from equation (6), 
M,. = 16 x 12 = 192 foot-tons. 
The moment at D is from cyuation (7), 
M,, = 8 x 36 = 288 foot-tons. 
To find the point, x, where the greatest moment occurs, we 
get from equation (9), 


kn = x 12 = 4 feet, since £O = 12 feet. 


The maximum bending moment, therefore, occurs at a point 
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8 feet to the left of the centre of the beam, or 28 feet from the 
left support. 

To find its amount— 

In equation (8), P = 16,2 = 28,w=1,b= 12. Substituting 
these values, we get 
3) - ©) \2 
= a = 920 ft.-tons. 

84. Beam Supported at both Ends, and Loaded Uniformly on 
its Two Segments with Loads of different Intensity —From the 
descriptions given in the last two cases, the student will have 
little difficulty in solving this problem. Itis evident that if one 
load only be considered to act on the beam at the same time, and 
the bending moments at any section calculated separately for 
each load, then the sum of these moments will give the total 
moment when both loads rest simultaneously on the beam. 

$5. Bending Moments on Semi-Beams.—1n the case of a beam 
supported at both ends and loaded, the particles in the top of 
the beam are in a state of compression and are shortened, while 
those in the bottom are in tension and are lengthened ; so that 
the centre of curvature of the beam is above the beam. In the 
cantilever the reverse takes place. This distinction is recog- 
nised by treating the bending moments in the first case as 
positive; while in the cantilever they are negative. In con- 
tinuous beams, as will be seen later on, the bending moments 
are partly positive and partly negative. 

Girders of the cantilever form are used for a variety of pur- 
poses, aS in cranes and swing bridges; and of late are coming 
much into use in combination with ordinary girders for bridges 
of large span, as in the Forth Bridge and similar structures. 

86. Cantilever loaded with a Single Weight at the Free End.— 
In fig. 41 let AB represent a cantilever of length /, fixed in a 

w horizontal Sete At the end B is 

placed a weight W 

Let M, = bending moment at the 
section K K, at a distance « from the 
end B; then, from the definition already 
given for the bending moment, we get— 


~M,=Wea . (10) 


M,, = max. bending mom. = 16 x 28 - 





8 
’ 
4 
‘4 
' 
’ 
a 


the negative sign being used as the 
Fig, 41 moment is negative. It is evident 

aa that M, increases as a increases, and 
will become a maximum when 2 = /. The maximum bending 
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moment occurs, therefore, at the fixed end of the beam, and is 
expressed by M,= Wil. The moment will be a minimum 
when x = 9, that is, at the point of application of the weight. 

Diagram of Bending Moments.—To construct the diagram of 
moments, take the horizontal Jine A, B, = A B, draw the vertical 
line A, A, = -M, Join A,B, The line A, A, is drawn 
downwards as the bending moment is negative. The triangle, 
A, B, A,, is the diagram of moments for the cantilever. The 
moment at any section of the beam K K is represented by the 
ordinate K, K,. 

Example 9.—A semi-beam 15 feet long has a load of 12 cwts. 
resting on its free end. Determine the maximum bending 
moment; and also that at the centre of the beam. 

The maximum bending moment occurs at the fixed end of the 
beam, and its amount is— 


—- M = 12 x 15 = 180 foot-ewts. 
That at the centre of the beam is— 
— M,., = 12 x 75 = 90 foot-ewts., 


or one-half the amount of the former. 
87. Cantilever loaded with more than one concentrated Weight. 
—Let A B, fig. 42, be the cantilever, fixed at the end A, and 





Fig. 42, 


loaded with weights W,, W., Wz, W,, applied at points of the 
beam situated at distances x,, %, 4, %,, from the fixed end. The 
maximum bending moment occurs at A, and is equal to the sum 
of the moments of each weight taken separately, and its value is— 


~ M, = W,2, + Wo% + Wax, + Wy, = 2 We (11). 
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To find the moment at any section K K at a distance x from 
A. It is evident that all weights situated to the left of this 
section do not influence its bending moment; it is only those 
situated to the right. The total moment at K K is the sum 
of the moments of all the weights to the right of it taken 
separately, or— 


- M, = W,(%, — 2) + Wy (a - 2) + Wy (eg — x) (12). 


Diagram.—To construct the diagram of moments for this 
cantilever, draw the horizontal line A, B, = AB, and directly 
underneath it; on the vertical line through A,, sct off on a scale 
of moments A, y, = Wi, 2, % Yo = Wyte Yo¥, = Wat, and 
¥3 Yay = W, ot" 5. 

Join B,y,; then A, B,y, will be the triangle of bending 
moments for W,. Draw a vertical line through W,, meeting 
B, y, at the point B,, and draw B,y,.. Join B,, the point of in- 
tersection of the vertical through W, and B, y,, with y,; and 
connect B,, the point of intersection of this line and the vertical 
through W,, with y. The polygonal line B, B, B, By yy will 
represent the diagram of moments for the beam as loaded ; and 
the length of the ordinate between any point of A, B,, and this 
line will represent the bending moment at the section of the beam 
vertically over this point. The bending moment, for example, at 
the section K K is given by the line K, K,. In the figure, the 
triangles A,B, 9, Boy Yo By y., and y, By y,, represent the 
diagrams for the weights W,, W,, W,, and W,, taken separately. 

The above diagram may of course be got, and perhaps more 





Fig. 43. 


directly, by drawing the verticals A, , }, By 6, B,, 6, By, equal 
respectively to the moments at A and at the pvints of application 
of W, W,, and W,, and joining B, B, B, By %,. 
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_ The diagram of moments, as found by the methods just ex- 
plained, does not give a complete graphical solution of the 
problem, as it involves the calculation of the moments at several 
ae of the beam ; the purely graphical solution may be thus 
found :— 

Graphical Solution.—In fig. 43 take the horizontal line A, B, to 
represent the length of the beam, on a scale, which may be called 
the scale for horizontals. The positions of the loads are shown 
by W,, W., W,, W, Draw a vertical line, x, ,, fig. 44, and on 
it measure off the distances x X, wo 1s, 

Hy Ly Ly X,, to represent the weights W,, 3 
W., W,, W,, on a scale which may be %4 

called the scale for verticals. Measure off 
on the horizontal line through x, the polar 7 
distance 2,0, equal to a convenient in- ~™ 
tegral number, say 10, on the scale for | 
horizontals, Join Ow, Ox, Oa, Ou, : Fig. 44. 
Through B, (fig. 43) draw B, C parallel to 

Oz, meeting the vertical through W, in C. In the same 
manner draw CD, DE, and EF, parallel respectively to O25, 
Ox, and Ox, The polygonal line B,C DEF will give the 
diagram of moments; and the ordinates measured on a scale one- 
tenth of that for verticals, will give the bending moments at the 
different sections of the beam. 

Example 10.—A cantilever, 20 feet long, supports four loads 
of 5, 6, 7, and 8 tons situated at distances from the fixed end of 
20, 16, 10, and § feet,respectively. Find the bending moments 
at the fixed end, at each weight, and at a section 12 feet from 
the fixed end. 


W,=9, W,=6, W,=7, W,=8; 
a, = 20, a = 16, 2, =10, a =5, x=12. 
The bending moments are— 


My =5 x 2046x1647 10+8x5= 306 foot-tons. 
M,,=0. 

M,, = 5 (20 — 16) = 20 foot-tons. 

M,, = 5 (20 — 10) +6 (16 — 10) = 86 foot-tons. 

M, = 95 (20 - 5)+6 (16-5) +7 (10-5) =176 foot-tons. 
M,,. = 5 (20 - 12) + 6 (16 -— 12) = 64 foot-tons. 


OS BENDING MOMENTS FOR FIXED LOADS. 


88. Cantilever Loaded Uniformly over its Entire Length.— 
Let A B (fig. 45) represent a cantilever covered with a uniformly 








B, 


Fig. 45. 


distributed load of w per unit of length. The total load = /, 
and it may be assumed as concentrated at its centre. 


lL wP Wil 
~My=wlxg=-5- = ° ° ° (14), 


where W = w l. 


The bending moment at a section, K K, situated at a distance, 
x, from B, is 
2 
x we 
—~M =WIrx=>-- ® « e 15). 
From equation (15) it is seen that the moment increases as x 
increases, and becomes a maximum when z =. 
This equation also shows that the locus of the bending 
moments, represented graphically, is a parabolic curve. To 
r+ 


construct this curve set off A, Ag=—-; and draw the parabola, 


B, K, A,; the vertex of the parabola being at B,, and its axis 
vertical. By drawing a vertical through K K, the ordinate 
K, K, will represent graphically the moment at K K. 

Example 11.—A cantilever, 20 feet long, is loaded with a 
uniform weight of 16 cwt. per lineal foot. Determine the bend- 
ing moments at 5 feet from the free end, at the middle of the 
beam, and at the fixed end. 

From equation (15) we find that the moment at a distance of 
5 feet from the end is 
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M,=5x 16x .-= 200 foot-ewts. 
At the middle of the cantilever 


M,)= 10x 16x = = 800 foot-cwts. 
At the fixed end 


20 
M, = 20 « 16 x | = 3,200 foot-ewts. 


89. Cantilever with Uniform Load, and also with a Concen- 
trated Load at its Free End.—When a cantilever is loaded with 
a distributed weight of w per foot, and, in addition, a concentrated 
load, W, at its end, B, we get 


Mee WE 2% (10) 


w ac? - 
~M,=- y t We ; ‘ we (ED): 

Diagram.—The curve of moments of this cantilever is a curve, 
the ordinates of which are equal to the sum of the ordinates of 
the diagrams for each load taken separately. 

Lxample 12.—A. cantilever, 50 feet span, is covered with a 
uniform load of 2 tons per foot, and, in addition, has a con- 
centrated load of 5 tons suspended from its free end; find the 
maximum bending moment, and also that at the centre. 


Mira. = 2 x 30 x 15 + 5 x 30 = 1,050 foot-tons, 


max, 


Mig. 2 1D x = + 5x 15 = 300 foot-tons. 


Example 13.—In the last example, what will be the bending 
moments if an additional concentrated load of 10 tons be placed 
at the centre of the cantilever? 


Max, = 1,050 + 10 x 15 = 1,200 foot-tons. 


The bending moment at the centre is not affected by this load. 


90. Cantilever Loaded Uniformly over part of its Length.— Let 
the cantilever, A B (fig. 46), be uniformly loaded with w per 
foot over the length a at its free end. 
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a 
a M,= walt ~~, 3) s . (18). 


- M, = wa(x - 5) - 4 (19). 
when a>a, the distance x being reckoned from the free end. 


Mees, f a & 420): 


when z<aorex = a. 





Fig. 46. 


Diagram.— A, B, = AB, C, B, = CB= a. 
Set off the vertical A, A, = wa (? _ 5) 


Join A, to the central point of C, B.. 


2 
Draw the semi-parabola B, D,C,; C, C, being = 4 


The diagram curve is A,C,D,B,; which is made up of the 
straight line A,©,, and the parabolic curve 0, D, B,, the 
straight line being a tangent to the curve at the point 6, 

Example 14.—A semi-beam, 24 feet long, has a load of 1} tons 
per foot distributed over one-half the beam reckoning from the 
free end. Determine the bending moments at the fixed end, 
and at 8 feet, 12 feet, and 18 feet from the fixed end. 
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3 
~My = 5 x 12 (24 - 2) = 324 foot-tons, 
3 2 
~My = 5x 12 x (16 - 5) = 180 foottons 
~ M,. = = x es = 108 foot-tons, 
3 (6)? 
- My. = a (8) = 27 foot-tons. 


91. Beam of Uniform Section securely Fixed at the Ends and 
Loaded at the Centre.—When a beam, AB (fig. 47), is firmly 
fixed at its ends, by being built into walls or otherwise, and 
loaded at its centre, it will assume a shape similar to that 
shown by the line A, B,, the two end portions being curved 
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upwards and the central portion downwards; the two points, 
J, A, where the curvature alters, are called the points of contrary 
exure, the two curves having common tangents at these 
oints. 
At the points of contrary flexure with beams of uniform 
section, theoretically, there is no bending moment. The beam 
A B may, therefore, be considered as being made up of three 
different beams—viz., the central beam, ff, and the two canti- 
levers, A fand B/. 
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It may be proved by mathematical investigation that with 
a beam thus fixed and loaded with a central weight, the dis- 
tances, Af and BJ, of the points of contrary flexure from the 


near abutments are, each of them equal to - 4? where 7 = span of 


the beam, the central portion, ff, being = $7. 
First consider the central portion, ff, which may be taken 


as an independent beam of span -, resting on two supports at 


J and f, and loaded at the centre with a weight, W. 
The bending moment at the centre is 


fa We aS 
M = oo ; : « (22). 
At a point situated at a distance, x, from the abutment 
WwW ' 5 
M,= 5 ( : ‘) ke (23), 


when x > - 


Next consider the end portions Af, Bf These are cqui- 
valent to cantilevers fixed at the ends, A and B, and loaded at 


the free ends, f f, with weights A 


») *, 
moments of these cantilevers occur at the fixed ends, and are 

Wil 

—-M,= —-M,= aS : : (24). 
The bending moments, therefore, at the centre and at the two 
ends are equal to each other but of opposite sign—one being 
positive and the others negative. 
Diagram.—To construct the diagram of moments, take the line 


A,B,=AB. Make A, f, and B,f, each equal to 7 From C,, 


the centre of the beam, draw the vertical C, C, upwards = se 


C, C, is drawn upwards, as the moment at C is positive. Next 


The maximum bending 


draw A, A, and B,B, downwards, making each = ah . These 
ordinates are drawn downwards, because the moments at A 
and B are negative. Join A; C, and B, C,; these lines will inter- 
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sect A, B, at the points fi, f,; /C.f. will be the triangle of 
bending moments for the central portion, f7, of the beam, and 
Ac foAz, Bf, Bs will be the triangles of bending moments 
for the end portions A fand B/. 

It will be seen that, taking the beam, A B, as a whole, there 
are three sections where the bending moments are equal— 
namely, at A, C, and B; and further, the moments at these 
sections are greater than at any other. Also, there are two 
sections, namely, at the points of contrary flexure, f and f/f, 
where the bending moments are zero. 

It will also be observed that a beam of uniform section with its 
ends firmly fixed is twice as strong to resist transverse stress as 
a beam of the same length and section whose ends are free, 


& 


case is only one-half that (= ) in the second case. 


Example 15.—A beam, 20 feet span, has its ends firmly fixed 
by being imbedded in the abutments. It has a central load of 
10 tons resting on it. What are the bending moments at the 
ends and centre of the beam; also at points distant 3 feet and 
7 feet from one of the abutments? 


; . ; Wi. 
inasmuch as the maximum bending moment (-<") in the first 


) 
-~M,= —M,= we = Wee = 20 foot-tons. 
8 8 
+ M.= ie = 25 foot-tons. 


—M, = 5x 2=10 foot-tons. 
wr il 
+M, => (: _ i) = 5 (7-5) = 10 foot-tons. 


92. Beam of Uniform Section Fixed at the Ends and Loadec 
Uniformly —A B (fig. 48) represents a beam of span, /, with its 
ends, A and B, firmly embedded in the abutinents, and loadec 
uniformly over its entire length with w per foot. A beam thu: 
loaded becomes bent in a manner similar to that in the last case 
but the points of contrary flexure, 7, /, do not occupy the same 
positions. It may be demonstrated by mathematical analysi 
that in beams thus fixed and loaded, the points of contrary 
flexure occupy positions such that 


Af=Bf=-2lll, or ff = 5781. 
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This beam may, therefore, be resolved into three independent 


ones—viz., a central beam, f/f, of span = ‘5787, resting on 
two supports at ff, and loaded uniformly with w per foot; and 
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Fig. 48. 


two cantilevers, A/, Bf, whose lengths =-211/, and which are 
loaded uniformly with w per foot, and also with a concentrated 
load at their extremities = +289 w/. 

To express the bending moments algebraically we have 


ee Lae ne (25). 
ot 9 2 
~ M,= -M,= a + ‘289wl x 2112 = ae (26). 
W 2 w l2 
M, — fe ( = x) = 12 . e ° * e (27). 


From equations (25) and (26) it will be seen that the bending 
moment at the centre is one-third that of the same beam free 
at the ends. Also, that the moment at the bearings is double 
that at the centre of the beam. From this it follows that the 
strength of a beam embedded at the ends and loaded uniformly 
is theoretically once and a half that of the same beam, the ends 
of which merely rest on the abutments. , 


Diagram.—Draw A, B, = A B,and makeA,/,=B,/,=A/f=By/,. 
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2 

Draw the vertical C, OC, = oe and draw the parabolic curve, 
Ff, Cf, ; the ordinates of this curve will give the moments at the 
different points of the central portion, ff, of the beam. Next 
wl? 
12? 
and construct the curves A, 7, B,/f,. The ordinates of these 
curves will represent the bending moments of the ends, A fand 
Bf, of the beam. The shaded portion of the fig. will represent 
the diagram of moments for the whole beam. 

Example 16.—A beam 34 feet long, of uniform section, is loaded 
uniformly with a weight of 5 cwts. per lineal foot. If the beam 
be firmly fixed at the ends, determine the points of contrary 
flexure ; also, the bending moments at the ends and centre, and 
at 4 feet from the centre. 

The distances of the points of contrary flexure from the abut- 
ments =°2]] x 34 = 7:17 feet. 

Bending moment at centre, 


9 Fe 2 
ae = 2 = 240-8 foot-ewts. 


Bending moment at ends, 


draw the verticals, A, A,, B, B,, downwards, and equal to 


My = 


ae = 481-6 foot-cwts. 


At a point 4 feet from the centre, x = 13. 


=M.e Migs 


From equation (27), 


r 2 
M, = ae x 2] ~ oe = 200-9 foot-cwts. 

93. Beam Supported at One End and at an Intermediate Point 
between its Two Ends, and Loaded at the other End.—In fig. 49 
let the beam A C be anchored down to the abutment at A, and 
rest on the pier B, and be loaded with a weight W at C. 

This is precisely the same case as that of a beam resting on 
two abutments, and loaded with a single weight at an intermediate 
point, except that the bending moments in all parts of the beam 
are negative. 

Let AB = Ly BC —_ bes AC = d, 


p-w2 g-wi. 
| i 
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The beam may also be regarded as two cantilevers, A B and 
Hp a loaded at their free ends with P and W; the ends at B being 
ed. 





Fig. 49. 


The bending moment at a distance x from A is— 
l, 
-M,=Pe=sWe?. .  . (28). 


1 
The bending moment at a distance 7°, from C is— 
— M | — Ww vy. 


The maximum bending moment occurs at B, and is— 


Me PT SW a 


Diagram.—To construct the diagram of bending moments. 
Draw B, B, vertically downwards equal to WZ, on a scale of 
moments: join B, A,, B,C, then A, B,C, will be the triangle of 
moments; the ordinate /, 4, will represent the moment at £4, 
and m,m, that at mm. It will be noticed in this case that all 
the moments are negative. 

If the beam be loaded in addition, with a single concentrated 
weight on the span A B, as shown in fig. 50, the amount and 
nature of the bending moments become altered. Let this 
weight = W,, placed at a distance m from A. 

By taking moments about A we get— 


WG we 


1 


Q2 
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Knowing Q, we can find the bending moment at any section of 
AB. At the point of application of W,, for example, we get— 


My, = Q(4 - m) - W(, +1, - m). 
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Figs. 50 and 51. 


This moment is positive or negative according as 
Q (i, — m)> or < W (i, + 2, -— m) 
The bending moment at W, may also be found in terms of P, 


thus— 
My, = P x m, where P = aie Beal (4—m) 


1 

P acts downwards if Wl > W, (i, — m); and acts upwards if 
W, (4, — m)> W i, 

Diagram.—Draw B, B, downwards = Wi, If the moment 
at D be positive, draw the vertical D, D, upwards, and 


= Q(i -m)-W(h+l —m). 
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‘., Jom A, D,, B, D,, and B,C, The shaded figure will indicate 
the diagram of bending moments, and the length of the ordinates 
above or below the line A, C, will represent the moments at the 
corresponding sections of the beam. 

If the moment at D be negative, the ordinate at D, must be 
drawn downwards as D, D,, in fig. 51; the bending moments 
throughout the beam will then be negative, and will be repre- 
sented by the ordinates of the shaded diagram in fig. 51. 

Example 17.—In tig. 50 AB = 12, BC = 6. A weight of 5 
tons rests at C, and a weight of 12 tons at D. A D being equal 
to 8 feet, determine the bending moments at D and B, and ata 
point midway between A and B. 

Referring to the equations previously given, we get— 

Gx 5 x 18 + 12 « BL ois.s tons 


12 


12x4-5-.x 6 
Bree ae 12 


As P is positive it acts in an upward direction. 
—~M, = 5 x 6 = 30 foot-tons. 
My = 15 x $8 = 12 foot-tons, 

The bending moment at the centre of A B, or at a distance of 
6 feet from A, is— 

M,= Px 6 = 1°55 x 6 = 9 foot-tons. 

Example 18.—A beam of the same dimensions as in example 
17, is loaded over A B with a distributed load of 2 tons per foot. 
A weight of 10 tons rests on the extremity C. Determine the 
bending moments at B, at the centre of A b, and at a section D, 
4 feet from A. 

Here we have w = 2, W = 10,7, = 12,7, = 6,2 = 4. 

10 x 18 + 24 x 6 
Se ig 
9 - 
P = nee = 7 tons. 


= 1°35 tons. 


== 27 tons. 


= Ms.610 % 6 = 60 foottong 
- _ wa 24 . 5 
My = Pa “37 = 7 x _ a = 12 foot-tons. 


3 
M,, =7x6- ae = 6 foot-tons 
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To find the position of the point of contrary flexure; we 
obtain from equation 


2 
M, = Pa--*, 
by making M, = 0 
Pa- ~~ = 0, or 
W 2 2 ea sae fl 
P= pee ee ee af 


The point is consequently 7 feet from A. 


94. Beam Supported at Two Points intermediate between the 
Ends.—-A D (fig. 52) represents a beam supported at B and C, 
where AB = 1,, BC = 1,, CD = 1, 

First consider the case when such a beam is loaded at its 
extremities with two weights, W, and W,. 

The values of the — forces at B and O are— 


W, 1 (fo - + a Es 


PS eats , by taking moments about C. 


Wa) Wa 


Q= *, by taking moments about B. 





Fig. 52. 


The bending moments at B and C are— 
~ M, = W,.4, or = Wa (ly + es) = Qi, ° . (29). 
~ M, = W,.4,or = Wit, +4)-PR . .« (80). 
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The bending moment at any section of the beam situated 
at a distance from B = a, is 


- M, = W,(/, + 2) - Pa = W, (i, + i, — 2) - Q(i, - x) (31). 


Example 19.—A beam, AD (fig. 52), 30 feet long, is sup- 
ported at two points, B and C, so that AB = 5 feet, BC = 15 
feet, CD = 10 feet. Weights of 5 tons and 4 tons rest on the 
extremities A and D. Draw the diagram of moments, and find 
the value of the bending moment at a point midway between 
B and C. 

Using the notation previously adopted, we have 


l= 5, 4=15,=10, W,=5, W,=4,2=75. 


Substituting these values in the previous equations, we get 


5 x 20 —- 4 x 10 
ieee | aloes 


4x95-35x 5 
Q = ———.:-_- - = 5 tons. 
15 


= 4 tons. 








From equations (29), (30), and (31), we find 
— M, = 5 x 5 = 25 foot-tons. 
~ M, = 4 x 10 = 40 foot-tons. 
—~ M,,,. = 5 x 12:5 ~ 4 x 7:5 = 32:5 foot-tons. 
95.—Next consider the case of a beam similar to the last, but 


loaded with an additional weight, W, at a point between B and 
C, and at a distance, m, from the former. In fig. 52, 


W (i, - m) + Wi(L, + 4) - Wh 
I rl ag I aD, 


P= 


q-' 
- M, = W,/, or = W,(/, + 4) + Wm - QZ, ° ° (32), 
- M, = W,4or = W, (i, + 4) + W(, - m) - PZ ‘ (33). 
+ My, = Pm - W,(4,+m) or=Q(4-m)-—Wi(lg+t,—m) (34). 


Wm + W, (4+ 4) - Wilh 
ics ARMIN 


The value of the bending moment at any section of the project- 
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ing arms, A B or C D, is given by the equation 
pa M, = We, or sc M, — W,2, 
where x = distance of the section from the end of the beam. 


The general expression for the bending moment of any section 
of the beam between B and C, at a distance, x,, from B, is 


+ M,, = Pa, — W, (4, + 2) 
or = Q(/, — x.) -W(m — «) — W,(i,+ U,- 2) (35), 
when the section lies to the left of W; and 
+ M,., = Pa, — W (x, - m) - W, (i, + &) 
or = Q(l, — a) — W(t, + ls — a) ; : (36), 
when the section lies to the right of W. 


It will be seen that M,, may be positive or negative, according 


to the relative values of the different weights and dimensions. 

Tt also appears that the values of the bending moments at 
B and C are not affected by the addition of W. 

Example 20.—In the last’ example obtain a solution of the 
problem when an additional weight of 10 tons rests on the 
centre of BC, 


i= 5, by = 15, i= 10, W,=5, W, = 4, W = 10, m= 7d. 


Substituting these values in equations (32), (33), (34), and 
the two previous ones, we obtain 


_10«75+5x 20-410 _ 


P iB 9 tons 
Ox 7 25-5 x $ 
ga ater tx tha? *? 10 tone 


~M,=5 x 5=25 foot-tons, 
~M,=4 x 10 = 40 foot-tons, 
M,=9x 75-5 x 12:5=5 foot-tons, 


In fig. 52, which is drawn to scale, make the vertical B, B, 
=: M,=25, and C,C,=M,=40. Also draw F, F, upwards =5 
Join A, B,, B, F,, F.C, C;D, The shaded figure will repre. 
sent the complete diagram of moments. 

It will be seen that the moments are negative for all parts of 
the beam except E E,. 
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The points E and E,, where B, F,, C, F, intersect A, D,, are the 
points of contrary flexure where the bending moments are zero. 

To find the position of these points analytically. If 2, = dis- 
tance of E from B,, then, since M, =0, we get from equation (35) 


M,, = Pa—W, (4+%)=0; 
or, x, (P-—W,) = W, l,. 

ae Ae ee a) 

tT PW 9-5 


The point E is, therefore, distant from B, = 6:25 feet, which 
agrees with the distance as found by scale. Again, putting 
a= B, K,, we get from equation (36) 


M,, = Pa,-—W (a, —m)— W, (h +2) =0. 
xv, (P—-W-W,) = W,1,-Wm. 


Wii,-Wm_5x5-10x75 o 
os Wy “powwow “oo lucn 


= §:25 feet. 


The point of contrary flexure E, is consequently 8-3 feet 


from B.. 
Example 21.—In example 19 determine the bending moments 
of the beam if the central portion, BC, is uniformly loaded in 


addition with 14 tons per foot. 
i= 9, l, = 15, l,= 10, W,=5, W,= 4, w= 1}. 


Taking moments about C and B in succession, we get 


3 (15)2 


+) x20+5.+5---4x 10 
P= maceoemae F = 15-25 tons. 
Z 
Ax 25 ES: 
= iB == 16°25 tons. 


The bending moments, B and C, are not affected by the 
additional load on BC. We have, therefore, as before, 


— M, = 25 foot-tons, 
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At the centre of the span, BC, x=7°5 feet ; 


-F\2 
+M_. = 15-95 x 7-5-5 x 125 -= 2 oY = 9-69 foot tone: 


From this it is seen that the moment at the centre is positive. 
In order to find those points on the beam which have no 
bending moment, we must put M,=0; we then obtain— 


Pa-W, (h+2)- 2 =0. 


x being the distance of the points of contrary flexure from 
 Suisiinces the values of P, /,, &c., in this equation, we get 
15:25 x-5x5-52-fx=0; 
or, 322—~412+100=0. 
Solving this quadratic equation, we find— 
a2=105 and «= 3-18. 


There will be no bending moments, therefore, on those sections 
of the beam whose horizontal distances from B are 10°5 feet and 
3°18 feet. 


Bexpina Moments on Continuous BrEams. 


96. Definition——When a uniformly loaded beam is supported 
at its ends it becomes deflected in the manner shown in fig. 53, 
the upper edge of the beam being concave and the lower edge 
convex, and the bending moments throughout its length will be 
positive. If, while in this position, a central prop be placed 
underneath, it will assume a form similar to that shown m 
fig. 54. The portions A D and EB will be curved downwards, 
while the portion DE over the central pier will be curved 
upwards; the upper edge in the latter’ case being convex and 
the lower edge concave. At the two sections of the beam D 
and E, where the convex curve meets the concave, there will 
be no curvature. These are called the sections of contrary 
flexure, or the points of contrary flexure, or, sitaply, the peints of 
inflexion. 
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The beam shown in fig. 54 may, therefore, be considered to 
be made up of three sepa- 
rate and independent 
beams—viz, AD, DE, 
and E B. 

AD and EB are sup- 
ported at theirextremities, 
and DE is supported in 
the middle in the form of 
a double cantilever. The 
bending moments through- 
out AD and EB are 
positive; while those in 
DE are negative. At the 
points of contrary flexure, 
D and E,there are no bend- 
. ing moments ; there being 

Fige. 53, 54, 56. only shearing actions at 
: these sections. 

With a stationary load, the positions of D and E remain 
stationary, and when the load is uniformly distributed, the 
distances of D and E, from the central support, are the same 
when the two spans are equal. With a passing load, the points 
of inflexion change with each position of the load. This com- 
plicates the question a good deal. If the left-hand span be 
loaded more than the right, it has the effect of moving the 
points of inflexion towards the right. If this preponderance of 
loading be great, the right-hand portion may be lifted altogether 
off the abutment, as shown in fig. 55. In this case, instead of 
there being three independent beams, there will only be two— 
namely, AD and DB. In the first the bending moments will 
be positive, and in the second negative. 

Referring to fig. 54, if the beam be uniformly loaded, the 
reactions at the abutments, A and B, will be equal to one-half 
the loads on AD and EB respectively, and the reaction at the 
central support, O, will be equal to the load on D E plus one-half 
the loads on AD and EB. The amount of these reactions for 
beams of equal section has been given in Chapter V. 

97. Determination of the Position of the Points of Inflexion of 
Continuous Beams of two equal Spans and of Uniform Section.— 
When ‘the reactions at the different points of support of a con- 
tinuous beam are known, it is a simple matter to determine the 
points of contrary flexure. 
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LetAC=OB=l, - 
w = distributed load per unit of length in AC, 
CB, 


fon 


I 


bas 

P, R, Q reactions at the points of support, A, C, B, 
respectively, 

zand x, = horizontal distances of the points of inflexion, 


D and E, from A and B respectively ; 
Then, since P = half the load on A D, we have— 


Wx 2 P 
gp SOR Frese ; , (37). 


In the same manner it may be shown that 


2Q 
t= wy . ° . (38). 
Substituting the values of P and Q, as given in equayons (12) 
and (13), Chapter V., we find— 


ean MoM TLL (88). 
7 w,-w 
2, = sa a) e- -w (40). 
3 
Ifw = w, then 2 = a = i! , ; (41). 


We have this general rule, therefore, that in continuous beams 
of uniform section of two equal spans and uniformly loaded, the 
distance of each point of inflexion from the near abutment rs equal 
to three-fourths of the span; or the distance from the central pier ts 
equal to one-fourth of the span. 

98. Bending Moments in a Continuous Beam of two equal 
Spans, and of Uniform Section.——When the positions of the 
points of inflexion are known, there is little difficulty in finding 
the curve of bending moments. 

In fig. 54 let w and w, be the weights per unit of length on 
A Cand CB. 

There are three maximum bending moments on the beam, 
occurring at the centres of A D and E B, and at C. 


Let My = bending moment at the centre of A D, 
M, = bending moment at the centre of E B, 
M, = bending moment at O. 
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A D and EB are uniformly loaded with w x and w, 2, respectively. 
The arm DC of the cantilever is loaded with > at its ex- 
tremity, and w (2 — x) distributed over it. 


The arm © E is loaded with a at its extremity, and 
ev, (1 — x,) distributed over it. 
We have, therefore, as the values of the maximum moments 


+ My ns a ® e ° e ® ° * (42). 


w, 2," 


+ Mx = 8 ® . e ° ° r) . (43). 


wax wil-a«? wl(ii--z 
“3 al ~ 2) + eee) . 


— M, 5 


(44). 


l—@ 
Dee ia Be ey 
By substituting the values of 2 and z, given in equations (39) 
and (40), we get the bending moments in terms of w, w,, and J. 
If w= w, then x = 2, = 71 Substituting these values in 
equations (42), (43), (44), we obtain— 


9 w Ll? 

My = 1287 ° F . ~ (45). 
9 wl? 

My = “1287 e e ® e (46). 
w 2 


- M, = D = * e ® * (47). 


We thus see that in a continuous girder of two equal span 
uniformly loaded, the maximum bending moment occurs ove: 
the central pier, and is greater than the maximum bendin; 
moment of the two spans in the proportion of 16 to 9. 

Diagram.—The diagram of moments for the beam we hav 
hi been considering is shown im fig. 56, and may be constructer 
thus :— 


A, B, is drawn equal te AB = 2/;. 
A, D, a 7 7, D, E, = $i, E, B, = # 7. 
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H,, C,, K,, are the centres of A, D,, D, E,, and E, B, respec- 
tively. Draw H, H, and 





K, K,; veel a | | 
w 
and equal to , on @ he hone 
128 wah at yh if he atg pt sits Wed 
oiteaapendthpe titties, Oy Ge Ba eh Ha Mil 
scale of moments, and con- 4, H, et K, B, 
cd 


struct the parabolic curves 
A, H, D,, and E, K, B,; the 
ordinates of these curves 
will represent the moments Fig. 56. 

at the corresponding points 

of AD and EB, and are all positive. Next draw C, C, verti- 


et , 
de! 
ait 





Cr 


Ras 22 
cally downwards, making it = = on the same scale of moments. 


Draw the curves D, O,, E, C,; the figure D, C, E, represents the 
diagram of moments for the portion D E of the beam. 

99. Bending Moments in a Continuous Beam of Two Equal 
Spans, and of Uniform Strength throughout its Length.—In beams 
of untform strength the supporting forces are (see page 66)— 


wl 
P=Q.=-3. 
R= 5 wl, 


when loaded with a uniform load of w per unit of length. 


Also, c= x; = 27 


3 


We, therefore, have for the bending moments at H, K, 
and C— 


“t My = te ° ° ° ® (48). 
wl? 

+ My, —_ Ts e 8 ° e (49). 
3 

— M, — cit ° e ® & (50). 


In this case the bending moment at C is to that at H or K, 
as 3 is to 1. 

The diagram of moments for this beam may be constructed in 
& precisely similar manner to that in the last case. 


100. Girders of Uniform Strength—As continuous girders of 
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large span in actual practice are designed approximately of 
uniform strength throughout (that is, the section of the different 
parts of the flanges are made proportional to the stresses to 
which they are exposed), it is evident that the solution just given 
will be more applicable than that given for girders of uniform 
section. It must be borne in mind, however, that, owing to the 
shifting position of the rolling load, the points of contrary flexure 
and also the pressures on the supports vary, and the girder must 
be so designed as to meet all these variations. If the piers sink 
ever so little, the character and amount of the stresses will be 
quite altered. Such being the case it is always advisable to 
willow a considerable margin of strength in continuous girders 
over and above that which theory indicates. 

Example 22.—A girder of uniform section is continuous over 
two spans of 100 feet each, and is uniformly loaded with 1} tons 
per foot. What are the maximum positive and negative bending 
moments of the girder and the pressures on the supports ! 


Here we have w = 13, J = 100. 


Pressure on abutments are (sec Table X VI.)— 


3 3 3 OF 
P = Q = gul= 8 x 5 4 100 = 56°25 tons. 
Pressure on central pier— 
R= ae ' pe x 100 = 187°5 tons 
= 4 w 4 x ) 4 == 4 > 


Distance of points of inflexion from near abutment is 


n= = 75 feet. 


The positive maximum bending moments occur at a distance 
of 37-5 feet from each abutment, and their values from equations 
(45) and (46) are— 

3 | 
mea 2° 
bi tty mw BO ET rosa tite 
oe oe CT py veers 

The maximum negative moment occurs over the central pier, 
and from equation (47) its value is 

3 
wn 30100} 


~M,= oe aa = 1875 foot-tons., 
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Example 23.—If in the last example the girder be of uniform 
strength throughout, determine the solution. 





3 
In this case = P Q = “ = = 60 tons. 
Re wie x 3 x 100 = 200 tons 
3 3. 2 ; 


Distance of points of inflexion from near abutment is 
. lL = 66°6 feet. 


The maximum positive bending moments occur at a distance 
6 
of si = 33'3 feet from each abutment, and their values are 


from equations (48) and (49). 





3 z 
we a 833-3 foot-to 
a acs aee  ans oot-tons. 


The maximum negative bending moment is, from equation (50), 


+M, = + M, = 


3 
or 100)" 


-~ M,.= ee wei 2500 foot-tons 


Example 24.-Determine the positions of the points of con- 
trary flexure and the bending moments of the beam in Ezample 11, 
Chap. V., and draw a diagram of the same. 


w= 2, 0, = 3, 2 = 50. 
P = 34:375, Q = 59°375, R = 156-25. 


The first thing to be done is to find the points of inflexion 
These are determined from equations (39) and (40). 


fw- wm 7 1% 2-3 | 59 ~ 34-375 teet, 





v= Sw 8 x 2 
7w,- w 7x 3-2 ; 
x, = Su e l = Te eo x 50 = 39 58 feet. 


From equations (42), (43), and (44) we get the maximum 
bending moments as follows :— 
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wat 2 (34375)? 





+ Mg = § 8 = 295-4 foot-tons. 
Q 2 Q\2 
+ M, = wise = a = 587°5 foot-tons. 
— My = 220 — 9) 2 2X20 % TOON? = 781-25 foot-tons, 


w,l(l— a) 3x 50 x 10-42 
mo) 


Also, ~ M, = = 781:25 foot-tons, 


which proves the correctness of the results. 


Example 25.—In the last example determine the solution 
when the beam is covered with a uniform load of 24 tons per 
foot. 

Here we have 


id 





-M,.= = 781-25 foot-tons, 

In this example the total load on the beam is the same as in 
the last, but differently distributed. 

The distances of the points of inflexion from the abutments are 
# mean of those in the last case, so also is the positive maximum 
bending moment, while the negative maximum moment remains 
the same. 


CHAPTER VII. 
BENDING MOMENTS FOR MOVING LOADS. 


101. Definition—A moving or travelling load on a beam is one 
which occupies different positions at different times. The terms 
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eve load and rolling load are also used to designate this class of 
loads. An example of a moving load on a bridge is a railway 
train as it passes over it. The length of load may be equal to 
or greater than the span of the bridge, or it may be less. In 
the former case, at some moment the span will be loaded through- 
out its entire length. A moving load affects a beam both 
statically and dynamically. The latter plays an important part 
in the case of bridges of small span, when the velocity of the 
rolling load is great ; and its effect must be taken into account. 
This will be treated of in Chapter X XIII. In the present chapter 
the statical effect only of moving loads will be considered. 

102. Beam supported at Both Ends, and exposed to a Uniform 
Moving Load, less in Length than the Span.—In fig. 57 let the 
beam A B be exposed toa uniform load moving over it. Each 
section of the beam will 
have a different bend- 
ing moment according 
to the different posi- 
tions which the load 
occupies relatively to 
the section. An im- 
portant case is to deter- 
mine what position of 
the load will produce the maximum bending moment on any 
particular section of the beam. This we will now proceed to 
investigate. 





Let /=span of the beam, 
a= length of the load, 
w= weight of load per unit of length, 
x= distance of section cc of beam from A, 
y = distance of this section from the centre of gravity 


of the load. 


The total load=wa,and its centre of gravity is K. As in 
previous chapters, P and Q represent the reactions at the abut- 
ments 

wa (l-x-y) 


je aE 


é 3 


wa (x+y) 
Q=- i . 


112 BENDING MOMENTS FOR MOVING LOADS. 


Considering the portion of the beam to the left of cc, and 
taking moments, we get— 


w (a a 
M,=Pa-%3 G- ) G-»)- 


Substituting for P, its value, we get— 


M, = Coe) x 


Wax wat w 2ax 
to ((-2)- "ES (aa -a)y . (1). 


This is the general equation for the bending moments. To 
find the position of the load, so that this expression may be a 
maximum, we must find the value of y, which makes it so. 

M, will be a maximum when the expression 


2ax 
(o-=y"-9)9 


is a Maximum, and this will occur when the two factors of this 
expression are equal to each other, or when 


ax 
Beg eae a 


-5 (a - 2 y)*. 





that is, when 


This equation gives us the distance of the centre of the load 
from ¢c when the bending moment at that section is greatest. 
To find the maximum bending moment at cc, substitute the 
value of y, given in equation (2), in equation (1), and we get, 
by reducing, 
Wax 
: . (3). 


M, = Sop (- 2) (20 - a) 


This is the equation of the maximum bending moments in 
the beam during the passage of the load. The locus of these 
moments, plotted graphically, may be shown to lie in a para. 
bolic curve, the apex being above the centre of the span. The 
maximum of these maxima occurs at the centre of the span, 
and its value may be found analytically from equation (3) by 


putting «= 4 Making this substitution, we get 
w a 
Mom = —g (21 - a) . ~ = (4). 
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The graphic representation of the maximum bending moments 
of the beam, under consideration, may be found by erecting an 


ordinate at the centre = “3. (22 —a) and drawing a parabolic 


curve passing through the end of this ordinate and the extremi- 
ties of the beam. 

Example 1.—An advancing load, 20 feet long, of 3 tons per foot, 
comes on to a beam 50 feet span from the left abutment. What 
are the maximum bending moments—(1) at 15 feet from the left 
abutment, and (2) at the centre of the span? and what must be 
the positions of the load to produce these moments? 


w= 3, x= 15 and x = 25, Zl = 50, a= 20. 


To find the positions of the load, which produce the maximum 
bending moments, substitute the above values in equation (2), 
and we find 

20 (50 — 2 x 15) 
y= 2x50 — 

That is, the centre of the load is 4 feet to the right of the 
section or 19 feet from the left abutment. 

In the second case, putting 2 = 25 in equation (3), we get 
y= 0, or the centre of the load is at the centre of the beam. 

In the first case the maximum moment is, from equation (3), 


3x 20 x 15 
ey (50)? i? 
In the second case, from equation (4), we get 


Mon. = “7° (100 ae 20) = 600 foot-tons. 


= 4 in the first case. 


M,,; = x 35 x 80 = 504 foot-tons. 


Example 2.—A railway train, 200 feet long, weighing 1} tons 
per foot, comes from the left on to a bridge 300 feet span consist- 
ing of two main girders. What must be the position of the train 
on the bridge to produce maximum bending moments on the 
girders at sections 50 feet from the left abutment ? 

For each girder we have— 


w= 2=50, %%=300, a= 200. 


Substituting these values in equation (2), we obtain— 


200 x 200 


y= “9x 300 = 66°6 feet. 
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The centre of the train must, therefore, be 66°6 feet to the left 
of the centre of the girder, or 83-3 feet to the right of the left 
abutment. There will be, therefore, only 183-3 feet of the train 
resting on the bridge, when the maximum bending moments 
occur at the sections indicated. 

103. Beam Supported at both Ends, and exposed to a Single 
Concentrated Rolling Load.—A single concentrated rolling load 
W passes over a beam of span /. 

The maximum bending moment at any section of the beam, 
whose distance from the left abutment = x, occurs when the 
Joad rests on this section. 

l—o@ 


at 
P=W-,-. Q=W.. 


M, = Px=Q(l-2)=W. ee . (5). 
M, will be a maximum when x (/ ~ x) is 2 maximum ; that is, 


when x = / - 2, ora = ~, which is at the centre of the beam. 


‘)? 
The locus of the maximum bending moments is a parabola, 
the apex of which is above the centre of the span, and the central 
WE. 39% : : eg : 
ordinate = “4? which value is obtained by substituting 2 = 5 in 
equation (5). 
Hzample 3.—A single load of 10 tons rolls over a girder 50 
feet span. Determine the maximum bending moments at 
intervals of 10 feet. 


l= 50; a= 10, 20,30,40; W = 10. 
10 x 10 x 40 








My = “qo = 80 fuot-tons, 
Moy = bas ae siecle = 120 fuot-tons, 
My = 19.220 %.20 _ 120 foot-tons, 
My = ules a oo = 80 foot-tons. 
Mon, = ee = 125 foot-tous, 


104. Beam Supported at both Ends and exposed to a Rolling 
Load consisting of two Concentrated and Equal Weights, at a 
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fixed interval apart.—-In fig. 58 the two equal loads, W, W, at a 
fixed distance, a, apart 
—resembling the wheels 
of a truck—pass over 
the beam AB. The 
problem we give our- 
selves to investigate is 
—What must be the 
position of the loads on 
the beam in order to 
produce the maximum 
bending moment on a 
section 6 0, situated at a 
distance, x, from the left 
support ? 

First consider the case 
when the left weight rests on 0. 


W 





P=7(2l- 2«- a), 
W 
are Ja + a). 
M,= Pe=—% (Qt-22-a) . (6) 


Tf the load travel to the right, P diminishes, and consequently 
the bending moment at b 6; so that when one weight rests on 6, 
the bending moment at that point is greater than for any posi- 
tion of this weight to the right of 8. 

Next consider the weights to be moved to the left so that the 
left weight is at a distance 2, from 6. 

In this case we have 


Pa} (21 -(2e- 2m) - ah. 


Q =") Qe Int a). 
Mi =P2- W2,. 


= WF (Qt- a2 - a) - Wa (1-7), 


: “= M. — W x, (1 <e =r) » ® (7). 
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From this equation it will be seen that M, >> M’ ifthe expression 
22 


(1) 
W a (1 oS ) be positive, and this is the case so long as 1 > 


that is, for all values of 2 which are less than : ; when x = 7 


M, = M,,. 

From this investigation it will be apparent that, in a beam ex- 
posed to a rolling load consisting of two equal weights placed at a 
fixed distance apart, the maximum bending moment on any 
section of the left half of the beam occurs when the left weight 
rests on this section ; and the maximum moment on any section 
of the right portion occurs when the right weight rests on the 
section. Also, the maximum bending moment at the centre of 
the beam occurs when either weight rests on the centre, or when 
one weight rests at one side of the centre and the second weight 
on the other side. The general equation to the maxima bending 

¢ , 

moments of the left half of the span is M, = : 7 (: ~ a= 3) 


ao 





The locus of these moments is a parabola with its axis vertical. 
To find the apex of this parabola we must determine at what 
point of the left half of the span the maximum of these maxima 
bending moment occurs. In other words, what value of x will 


make M, a maximum? This will occur when z (? —~ x - 5) 18 


greatest, and, as the sum of these two factors is constant, the 
expression will be a maximum when both factors are equal to 


each other, or 2 = 5 _ : A similar result will be obtained for 


the right hand half of the span. We have, therefore, the follow- 
ing general rule :— 

When two equal concentrated loads, separated by a constant 
distance, a, roll over a beam, there will be two points in the beam 
where the bending moments will be a maximum ; these points are 
situated at each side of the centre of the span, and at distances from 
at equal to one fourth of the distance between the two weights. 

In order to determine the value of these moments we must 


substitute for x its value ( _ 4) in the general equation (6), 


and we obtain— 


4, Ww 
Mwe = gj (20-a? . 4 « (8). 
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To find the bending moment at the centre of the beam, sub- 


stitute 3 for x in equation (6), when we get 


Mun = -y (E- a) - owe (8). 


l 
y 
may be constructed thus:—Draw the horizontal line, A,B, 
(fig. 58a) to any scale, equal in length tothe beam. From its 


105. Diagram.—When a= , ora<., the diagram of moments 


centre, O, lay off OC =O D= 4 ; the maximum bending moments 


will occur at C and D, and may be found by means of equa- 
tion (8). Draw the verticals C C,, D D,, equal to these moments 
on a scale of bending moments, and construct the parabolic curves 
A, C, Eand B, D, F, intersecting at the point O,; then A, C, 0, D, 
B, will represent the diagram of maximum bending moments for 
the beam during the passage of the load. The maximum 
moment at any point, such as G, is at once found by measuring 
the ordinate G G, at this point. 

Example 4.—Two wheels of a loaded truck pass over a beam 
30 feet span. If the load on each wheel be 5 tons, determine 
the maximum bending moment on the beam, and also the bend- 
ing moment at its centre, the wheels being 10 feet apart— 


W =5, 1=30, a=10. 


: l ' 
As ais less than 5 the maximum moments occur at the two 
points of the beam situated at a distance of 2°5 feet at each side 
of the centre. Their values are found from equation (8), viz. :-— 


WwW 5 
= 2 _ 2 ee 9 _ 2 9: 
Mraz. a7 ( t — a) 530 | x 30 - 10)? = 52-08 foot-tons. 


The maximum moment at the centre of the beam is found 
from equation (9), viz. :— 


M on. = MY (¢~a) => (30 - 10) = 50 foot-tons. 


Example 5.—In the last example, determine the greatest 
bending moment at a section 8 feet from the left abutment. 
The greatest bending moment at this section will occur when 
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the left wheel rests upon it, and its value is found from the 
general equation— 


5) 
M.= "42 (1-2-5), where z= 8, 


Substituting this and reducing, we find 
M,= 45°3 foot-tons. 


106. Beam supported at Both Ends and Loaded with two Con- 
centrated and Unequal Weights at a fixed interval apart, and 
moving over the Beam.—If A B represent the beam, W, and W, 
the two weights, and a = distance between them, then by 
adopting the same process of reasoning as that given in the last 
case, it may be shown that when both weights are on the beam 
the bending moment at any section of the beam is greatest when 
W, is over it, provided that the section is situated between 


A and F, where A F=- wie 


Wi+ Ws 
When BF= aa the maximum bending moment at any 
W,+ W, . 


section between F and B will occur when the weight W, rests 
upon it. 

Ist. Suppose the section to lie between A and F; let 2 = its 
distance from A; then when W, rests upon it, 


pee _ —_— fi . eartar tl Y, 
P=W, a W ao ~ "= (W, + W,) (“7°)- ed 
l i 
M,= 5 {(W.+ W,) (!-2)- Wea} . . ee (10), 


2nd. Suppose the section to lie between F and B; let 2, = its 
distance from A. The maximum bending moment will occur at 
this section when W, rests upon it; in which case 
ue 
tr 


of 
M,="7 (W.+ Wy) (0-2) ~~ ja (i-%). (11). 


%, 
=") (Wy + Wy) 


The loci of the bending momenta, as represented by the two 
equations (10) and (11), are two parabolas, the axes of which are 
vertical and intersect the beam at two points, one at each side of 
the centre. At these points the moments are greatest for each 
half of the beam. 
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The section where the greatest bending moment occurs in the 
left half of the beam is situated at a distance to the left of the 


ST ene 
~ 2(W,+ W.Y 
The section in the right half, where the bending moment is a 


W,a 
2(W, + Ws) 
The distances x and x, of these points from A are— 


l W,. @ 


maximum, is at a distance from the centre = 


xX = 5) — 2(W, + Wa.) e e e | (12). 
l Wa 
And Ly = 9 + 2(W, + W,) . . : (13). 


The values of these maximum bending moments may be found 
from equations (10) and (11) by substituting for « and x, the 
values given in equations (12) and (13). 

An expression for the maximum bending at the centre of the 


beam may be found by putting z = ae in equations (10) and (11). 


2 
We then get— 
M.. = (W, + " 2 3 
or My, = (Wi + Wi) G22. (18), 


according as W, or W, rests on the centre. 

In the foregoing investigation the results arrived at are on the 
assumption that both weights rest on the span. If W,> W,, 
the maximum moment near the end, A, of the beam will occur 
when W, only is on the beam, the other weight resting on the 
abutment. 

Lixample 6.—A. travelling load, concentrated on two wheels 
10 feet apart passes over a beam of 40 feet span. If 2 tons rest 
on the left wheel and 8 tons on the right, find the maximum 
bending moment at the centre of the beam, and also determine 
the section on the beam which has the greatest maximum 
moment, and find 1ts amount. 


W, = 2, W, = 8, 2 = 40, a = 10. 


The bending moment at the centre will be a maximum when 
the weight of 8 tons rests on it. 
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From equation (15) we get— 


May, = (2 + 8) xP - =H 


=-— = 90 foot-tons. 





The maximum moment on the whole beam occurs at a section 
whose distance from the left abutment is found from equation (13), 
40 2x 10 
= + pe C= 21. 

7 *3@4 877) 
The section is, therefore, 21 feet from the left bearing, and the 


amount of the bending moment is found from equation (11) by 
putting z, = 21. Thus— 


X= 


2] 2x 10x 19 
— er erenneneme SS 2 * 
Ms, = 40 x 10 x 19 40 90°25 foot-tons 
The maximum bending moments et every 4 feet of the beam, 
reckoning from the left abutment, are— 


M, = 0, M, = 288, M, = 51-2, My, = 70, M,, = 84, M,, = 90, 
M., = 88, M., = 78, My = 60, My = 34, My = 0. 


The values, M, and M,, are those produced when only one 
weight—-viz., 8 tons—rests on the beam, the weight of 2 tons 
resting on the left abutment. 

107. Graphic Method of Finding the Position of the Rolling 
Load so as to produce the Maximum Bending Moment at any 
Section. A convenient method of finding by graphic construc- 
tion what must be the position of the rolling load on the 
bean, in order that the bending moment at any section may be 

a maximum, is the fol- 

lowing, which may be 
a made to apply to any 
number of weights. 

Let AB (fig. 59) re- 


= present a beam over 
2 which passes a rolling 
“IF, load consisting, say, of 
x, four weights, W,,W., Ws, 


E ls Wy, We wish to deter- 
- mine the position of 
_» these loads on the beam 
so as to produce the 
maximum bending at 
any section, say at F. 
Draw a vertical line through A and on it set off 


Az=W, 4% = W, ttg= Wy y= Wy 


Fig. 59. 
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Join zB. Through F draw F F, parallel to «, B, meeting the 
vertical line through A at the point F,. The maximum moment 
at F will occur when the weight, represented by the division in 
which F, is situated, rests on F. In the figure F, lies in 2, 2», 
which represents the weight W; The maximum bending at F 

therefore, occur when the weight W, rests upon it. 


CHAPTER VIII. 


SILEARING FORCES ON BEAMS, 


Fixep Loaps. 


108. Definition.— he shearing force at any transverse section of @ 
beam is equal to the algebraic sum of all the external forces acting 
upon either segment af the beam into which the section divides it. 

We will illustrate this definition by a few simple examples. 
Suppose A B (fig. 60) to be a beam loaded with a single weight 
W placed at a distance a from A, then the proportion of W 
transmitted to the left abutment will be 

l-a 


P=W. gee 


WwW ae will, therefore, represent the shearing force throughout 
the segment A C. 


The shearing stress on the segment BC = es 
If W rest on the centre of Pp re] 
the beam, the shearing stress 
will be constant throughout 
and equal to a : r 
2 = -a—- 


Next take the case of a 
beam loaded with several 
weights, as is shown in fig, 


Let W;, W: Ws, Wy be 
the weights resting on the 
beam ; P and Q the supporting 
forces. 

Let the symbol F be used 
to represent the shearing force, 
so that 
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F, = shearing force on the segment a; 
F, = shearing force at a section distant x from a fixed point,. 
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Fig. 61. 


From the definition given we have the following :— 
F, = Por = Q - (W, + W, + Ws + W,), 
F, = P — W, or = Q — (W, + Ws + W,), 
F, = P - (W, + W,) or = Q - (W; + W,), 
F, = P —- (W, + W,; + W;) or = Q — W,, 
F, = P — (W, + W. + W; + W,) or = 


It will be noticed that the shearing force is constant for all 
sections of the beam between two contiguous weights. 

For the sake of convenience, some of the shearing forces may 
be considered positive and some negative. 

At any section #, F, is postive when P is greater than the 
sum of the weights to the left of 2, and negative when P is less 
than the sum of these weights. 

109. Maximum Shearing Force.—In the case of a beam sup- 
ported at its extremities, the maximum positive shearing force 
occurs at the left abutment, and the maximum negative shearing 
force at the right abutment ; the greater of these will be the 
maximum shearing force for the whole beam. 

Graphic Eepresentation of Shearing Forces.—In fig. 60 draw 
the horizontal line A, B, equal to the span of the beam, and 
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make A,C,=AC. Draw the vertical line A, A; upwards on a 
scale of forces = P, and the vertical line B, B, downwards = Q; 
the rectangle A, A, ©, C, will represent the diagram of shearin 
forces for the segment A C, and the rectangle B, C, C, B, will be 
the diagram for CB; the former, being positive, is above the 
line A, B,; and the latter, being negative, is below that line. 
The shearing force on the segment AC is constant, and is 
represented by the line A, A,; that on C B is also constant, and 
is represented by the line B, B,. 

The shearing force diagram of the beam, shown in fig. 61, is 
given underneath the beam, and the method of its construction is 
the following :—As before, take the horizontal line A, B, = A B. 
Draw the vertical A, A, upwards and equal to P. Draw the 
vertical B, B, downwards and equal to Q. Draw A, @ horizon- 
tally, meeting the vertical through W, at a. Measure off aa, 
=W,. Draw a,6 horizontally, meeting the vertical through 
W,in b. Measure off 66,= W., and so on for the remainder of 
the diagram. It will be seen that the shearing force changes 
its sign at W,; to the left of W, it is positive and to the right 
negative. The ordinates of the diagram represent the shearing 
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Fig. 62. 


stresses at the corresponding sections of the beam. For example, 
the shearing force between W, and W, is represented by ¢ ¢,, and 
that between W, and W, by ¢; ¢. 

110. Purely Graphical Solution.—The solution just given is not 
a purely graphical one, as it involves algebraic calculations. 
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The following is a solution of this nature:—In fig. 62 draw 
the vertical line z,2,, and on it set off a, 2,=W,, x,27,=W,; 
Hy t= We, %x;= W, Choose any pole, O; join Ox, Oa, &e. 

ake any point, A,, in the vertical line through A, draw A,a@ 
parallel to O 2,, meeting the vertical through W, at a; draw ab 
parallel to O,, and so on as already explained. Join A, B,; 
through O draw O QO,, parallel to A, B,, then x, O, = P and z,0, = Q. 
Through O, draw the horizontal line O,0,0;. This nay be 
considered as a datum line; all parts of the diagram above 
it representing positive shearing forces, and those below 
negative shearing forces. Through a, 2, &c., draw horizontal 
lines, meeting the vertical lines from the external forces on the 
beam, and construct the diagram of shearing forces which is 
represented by the sectioned portion of the diagram. 

The figure A,abcd B, is a graphic representation of the bend- 
ing moments in the beam. 

111. Beam supported at both Ends, and Loaded Uniformly over 
its Entire Length—In fig. 63 the beam A B, of span J, is uni- 
formly loaded with w per foot. 

Total load on the beam = wl. 

wl 


P = Q = 3° 
The shearing force at any section at a distance x from A is 


we d 
F,=";-wa-w (5-2) te ws 


; gs : l 
F, is positive when z is less than 3° 
Pp Q F, is negative when zx is 
l 
greater than x 

Fis a maximum when 
2=0Oand when z=. 

In the former case, 
which is at the point -A, 
the shearing stress is posi- 
tive— 


F,= 





wl 

r a" 

§ wd 

tH we cg 
At In the latter case it is 
7 ‘ negative— 
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® es l 
F, becomes a minimum when x= ,, or at the centre of the 
od 
beam, in which case F.,,, = 0. 


Diagram.—Draw A, A, upwards = wins and B, B, downwards 

ae 
= join A, B,, the sectioned figure represents the diagram 
of shearing forces; the vertical distances between A, B, and 
A, B, will give the shearing forces at the corresponding points 
of the span. 

Example 1.—-A beam, 20 fect span, supports a load of 10 tons 
at a point 2 feet to the left of the centre. What are the shearing 
forces on the beam ? 


Fein = -~Q = — 4 tons. 


The shearing forces change from positive to negative at the 
point of application of the load. 

Example 2.—In the example No. 4 given in Chap. VI. deter- 
mine the shearing forces in the beam. 


P = 17-4 tons, Q = 14-6 tons. 
Foto = P = 17°4 tons, 
Fyiu = P — 7 = 10-4 tons, 
Fogioxs = P — (7 + 12) = — 1:6 tons, 
Fyiow = P — (7 + 12 + 10) = — 11°6 tons, 
Fystom = P — (7 + 12 + 10 + 3) = — 14°6 tons. 


From this it will be observed that the maximam shearing 
forces occur between the left bearing and the first load, and also 
that the sign of the forces changes at 24 feet from the left 


support. 
112. Beam Supported at both Ends and Uniformly Loaded over 
a Portion of the Span. 


Let a = length of load, 
w = intensity of load per unit of length. 
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Figs. 64 and 65 represent graphically the shearing stresses on 
the beam. 

P Q In fig. 64 the load com- 

| mences at the left abut- 

ment, and in fig. 65 it 

RS occupies an intermediate 

ae l " position on the span. 

In both cases there is 
no shearing force at the 
section of the beam where 
the bending moment is a 
cme 8: = maximum. 

HG, Te tig. 64 draw the 
a B: horizontal line A, B, = 
Fig. 64. san of the beam, and 
find », the point where 

the bending moment is greatest, as explained in Art. 82. 

Draw the vertical A, A, = P and B, B, = Q. 

Through n, the point of maximum bending moment, and N, 
the extremity of the load, draw the verticals 22, and NN,, 
meeting A, By inn, and N, Draw B,N, horizontally, meeting 
NN, produced in N.; join 2, A. 2, N. The shaded figure will 
represent the diagrain of shearing stresses. 
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The diagram in fig. 65 is constructed in a similar manner, so 
that no description will be necessary. 

Fig. 66 represents the diagram when the Joad does not extend 
beyond the centre of the beam. 
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113. Beam Supported at both Ends and Loaded Uniformly over 
two Segments with Different Intensities of Load—In fig. 67— 
Let a and (J — a) repre- 
sent the lengths of the 
loads, and w and w, the 
intensities of loads. 

Find m, the point of 
maximum bending mo- 
ment, as explained in 
Chap. VI., Art. 84. 

Draw A, A, =P, and * ae Me ne 
B, B, = Q, also M, M, = bik " i 
P—wa; join A, M., and ne a 
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a B,; the shaded portion Bo A 7 1Bs 

will represent the diagram vata a 

of shearing stresses in the a 

beam. a B, 
114, Cantilever Loaded Fig. 67. 


with One or more Concen- 
trated Weights.—/n a cantilever the shearing stress at any section 


is equal to the sum of the weights between the section and the 
free end of the cantilerer. 


In tig. 68 the cantilever, A B, is loaded with weights W,, W,, 
and W, resting at the points 
C, D, and B. 


The shearing stress on all 
sections between 


Aand C = W, + W, + W; 
Cand D = W, + W,. 





D and B = W,. 

Lhagram.—The shearing force 
diagram may be constructed Fig. 68. 
thus :— 


Draw the horizontal line A, B, = AB; through the ex- 
tremity A, draw a vertical line A, 23; set off on this line, 
A, 2, = Ws, aa, = Wy, 2,2, = W;. 

Through 2, x,, 7; draw horizontal lines, meeting the vertical 
lines through B, D, C in B, D,, and C, respectively. The shaded 
ae will represent the shearing stress diagram of the canti- 
ever, 

Heample 3.—In example 10, Chapter VI.—What are tho 
shearing stresses on the different portions of the cantilever 4 
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Foo; =~ 8 + 7+ 6+ 5 = 26 tong, 
Fsti = 7 +6 +5 = 18 tons 
Prowie= 6 + 5 = 11 tons, 
F564 09 = 9 tons. 


; 115. Cantilever Uniformly Loaded over its entire Length.—In 
g. 69— 
Let / = length of cantilever, A B, 
w = load per unit of length. 


The maximum shearing stress occurs 
at A, and is 
F, = W l. 


At any section at a distance, 2, 
from A— 


Fo=w(il-2). . (2). 


At the free end of the cantilever, 
Fig. 69. «= 1, and at this point the shearing 
stress 18 zero. 

Diagram.—Make A, A, = wl; join A, B,; A, A,B, will be 
the diagram of shearing stresses. 

Kxample 4.—A cantilever, 25 feet long, is uniformly loaded 
with 4 ton per foot. What is the maximum shearing stress on 
the beam? Find also the shearing stresses at the sections at 
distances of 10 feet and 20 feet from the fixed end. 

1 


i = 25, w= 5% = 0, 10, and 20. 





From equation (2)— 
Far wl = 12°5 tons, 
=w(il-z) | ~10)=75tons, 


Fy = 5 (25 - 20) = 25 tons 


116. Cantilever Loaded with a Uniform Weight, and also with 
Concentrated Weights at Fixed Intervals.—The shearing stress at 
any section of a cantilever loaded with both a uniformly distri- 
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buted, and a concentrated load is equal to the sum of the shearing 
stresses of each load considered separately. 

The diagram of shearing stresses is constructed by superposing 
the diagram in fig. 68 on that in fig. 69. 

Lxample 5.—A semi-girder, 30 feet long, supports three wheels 
of a locomotive whose distances from the fixed end are 8, 15:5, 
and 23 feet. If the weights on these wheels be 4, 7, and 3 tons 
respectively, find the shearing stresses at these points of applica- 


tion ; the uniform dead load of the girder being 7G ton per foot. 
3 
4? 
Fy=w(t—2) + W, + Wit Wi= ; (80-8) 4447+ 3= 305 tons, 


w = i=30, W,=4, W=7, W,=% 


a 


Bus = = (30 ~ 15:5) + 7 + 3 = 20-875 tons, 


Fy = | (30 - 23) + 3 = 8-25 tons, 
3 : 
Pag. 4% 30 + 4+ 743 = 36°5 tons. 


Example 6—In example 8 (Chap. VI.), find the shearing 
stresses at the two ends of the load, and determine, both analy- 
tically and graphically, at what point on the beam there is no 
shearing stress. 

F,,.= P=16 tons, 


F,,=P -24= —8 tons. 


The minimum shearing stress occurs at the section where the 
bending moment is a maximum, and this section, as has been 
shown in Chap. VI, is 28 feet from the left abutment. 

This may be verified thus :— 

Let «= distance of the section where the shearing stress 
is zero from the left abutment. 
We have then 
F, = P — (x — 12) =16-(@-12)=0; 
or, c= 28 feet. 
Fig. 65, which is drawn to scale, gives a graphic representa- 


tion of the shearing stresses on the beam. The diagram is 
constructed thus :-—Draw A, A,=16 tons; B, B,=8 tons. Draw 
9 
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A,©,, B,D, horizontally, meeting the verticals through the 
extremities of the load at the points C,and D,. Join C, D,. The 
point O, where C, D, intersects A, B,, gives the point where 
there is no shearing stress. By scaling we find A, O=28 feet. 
Its position may also be found geometrically thus—from similar 
triangles . = b oe from which we find C,0=16 feet, or 


A, O=28 feet 
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117. Beam supported at both Ends and subjected to a Concen- 
trated Load moving in either Direction —When a concentrated 
rolling load, W,, passes over a beam, the shearing stress at any 
section of the beam varies with the position of the load. 

Ata section at a distance, 2, from the left abutment, F,=P, 
and is positive so long as W is to the right of the section. If W 
be situated to the left of the section F,= Q and is negative. 

P increases as W moves towards the left abutment, and be- 
comes a maximum when W rests directly over the abutment. 
The maximum positive shearing stress on the beam occurs, 
therefore, at the left abutment, when W rests at this point, in 
which case it is equalto W. In the same manner it may be 
shown that the maximum negative shearing stress occurs at the 
right abutment when W rests at this point, and is equal to W. 

The maximum positive and negative shearing stresses for any 
section of the beam occur when the weight rests on that section, 
in which case the positive and negative shearing stresses arc 
P and Q respectively. 

Example 7.—A concentrated load of 15 tons rolls across a 
girder 40 feet span. What are the maximum shearing stresses 
at intervals of 10 feet} 


Hrample 8.—In the last example determine the maximum 
shearing stressea if the dead weight of the girder itself be 10 tons 
uniformly distributed. 

Fy = Fyy= 15 + 5 = 20 tons, 
Fig = Fry = 11:25 + 2°5 = 13-75 tons, 
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118. Beam supported at both Ends and subjected to a Rolling 
Load, consisting of two or more Concentrated Loads.—Suppose a 
beam be acted upon by a system of travelling loads, as is the 
case where a locomotive passes over a bridge, and let the load 
be supposed to pass from the right to the left. The shearing 
stress at any section constantly varies with the position of the 
load. The shearing force at any section increases as each load 
in succession approaches it, and when the load passes to the left 
the shearing force suddenly diminishes by an amount equal to 
the load. At each section, therefore, the positive shearing stress 
is a maximum for the time, when each load is immediately to 
the right of the section, and a minimum when immediately to 
the left. In order to determine these maximum and minimum 
values for each weight, let the load system be so placed that this 
weight rests exactly over the section. Determino the reaction 
of the left abutment for this arrangement of load, and from it 
deduct the weights to the left of this particular weight; the 
result will be the required maximum, and for the minimum 
further deduct the weight itself. 

The following rule is generally true in actual practice :— 

When a system of loads roll across a girder, the greatest numer- 
ical value of the shearing stress at any section of the girder occurs 
when the leading load (travelling from the further abutment) 
arrives at that section. 

If the leading load be small in comparison with the others, 
this rule does not hold. 

Example 9.—Three wheels of a locomotive (8 feet centres) pass 
over a girder 40 feet span. The weights on the leading, driving, 
and trailing wheels are 5, 8, and 4 tons respectively. What are 
the maximum shearing stresses on the girder at intervals of 
5 feet, the locomotive travelling from right to left ? 

The greatest shearing stresses at the sections, whose distances 
from the left abutment are 0, 5, 10, 15, and 20 feet, occur when the 
leading wheel (5 tons) rests immediately over the section, At the 
sections distant 25, 30, 35, and 40 feet from the left abutment, 
the shearing stresses will be a maximum when the trailing wheel 
(4 tons) rests on them. In the-former case the stresses will be 
positive and equal to the reaction of the left abutment, and in 
the latter they will be negative and equal to the reaction of the 
right abutment. 

Bearing these points in mind we get the following values for: 
the maximum sheuring stresses at the different sections :-— 
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R= 220+ S Set ex Of = 133 tons, 

B= 22 SPT E aT tS x 1 = 11675 tons, 
5 x 30+ 8 x 22+4x 14 

an eas 


6x 9 +8x17+4x 9 
Rig ae gg ee 


5x 20+8 x 12+4x 4 
ies | earl 


4x 25+8x 1745 9 
|S ioe care 


4x 30+ 8 x 22+5x 14 
oe ae er 


4x 35+8 x 27+5x 19 
a eee a 


Fy = 24048 x 45» 54 sony 


119. Beam supported at both Ends and subjected to an 
Advancing Distributed Load of Uniform Intensity. In fig. 70 
suppose an advancing load of w per foot to come on a beam from 
the right. The maximum positive shearing stress on the section 
at a distance, x, from the left abutment, occurs when the front of 
the load is at this section, and the amount of this stress at «, and 

_ xt 
all points to the left of x, is, F, = P = wa. This shearing 
stress increases as x diminishes, and becomes a maximum 
when z = 0, or immediately over the left abutment, where it 


= 9-55 tons, 
‘= 7495 tons, 
= 53 tons, 

= 7-025 tons, 
Fy = 9-15 tons, 


=x 11-275 tons, 





wl 
equals 3° 
It is easy to see that the maximum shearing stress at the 
section indicated must occur when the front of the load is just at 
it, for if the load move to the right, the value of P will diminish, 
and consequently the shearing stress. If, on the other hand, the 
load move to the left of the section the value of P is increased 
by a portion of the load to the left of the section, but the shearing 
stress is less than the new value of P by the whole load to the 
left of the section, and consequently it is leas than the first 
value of P. This will hold true whether the moving load is long 
enough to cover the whole span or only a portion of it 
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In a similar manner it may be shown that the greatest 
negative shearing stress occurs at any section when the tail of 
the load rests over it and that the stress is equal to Q, the sup- 
porting force of the right abutment for this position of the load. 

Tt will also be apparent from this that the maximum shearing 
stress at the centre will occur when the beam is loaded over 
one-half the span, and will be equal to Ae 

120. Diagram of Shearing Forces when the Length of the Load 
is equal to, or greater than the Span.—In fig. 70 suppose a load of 
uniform intensity of wper foot to pass 
over the beam A B in the direction 
from Bto A. Draw the horizontal 
line A,B, = AB. Draw A, A, 





: . we 
vertically at A,, and make it = ->. 
Draw the parabolic curve A,C,B,; ™ Bak c Prom Bs 
. , yin, eit dit tet 
B, being the vertex of the parabola. Cy 


| 
We 


This curve is the locus of the maxi- 
mum positive shearing stresses at 
the different sections of the. beam. 
This shearing stress is zero at B, 
and occurs before any portion of the 
load enters on the span. ‘The posi- Figs. 70 and 70a. 
tive shearing stress is a maximum 


at A and is represented by A; A; = (5) and occurs when the 
span is fully loaded. The maximum shearing stress at the centre 
is 0,0, = = and occurs when the right half of the beam is loaded. 


By constructing a similar parabolic curve, A, 0, B,, under- 
neath A, B,, we get a diagram for the maximum negative stresses 
‘on the beam, these stresses being exactly the same in value as 
the positive stresses. The shaded portion of the figure is the 
diagram for the maximum numerical shearing stresses on the 
beam during the passage of the load. 

121. Diagram of Shearing Forces when the Length of the Load 
is Jess than the Span—The locus of the maximum shearing 
stresses in this case is not a parabolic curve, but is made up of a 
straight line and a parabolic curve. It may be drawn thus— 


Let a = length of the load, 
w = weight per lineal foot, 
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ead the ‘parabolic curve, A, D, B,, fig. 70a, by making A, A, 
= "5. Set off B,D =a; draw the vertical, D D,, mecting the 
oD. in D,. Through D, draw D, A,, a tangent to the parabola 
ab 

A practical method of drawing this tangent is to bisect D B, at 
E, join E D,, and produce it. The locus of the positive maximum 
shearing stresses on the beam is a line composed of the curve B, D,, 
and. the straight line A, D,. 

Hzample 10.—A railway train weighing 2 tons per foot passes 
over a bridge 200 feet span. What are the maximum positive 
and negative shearing stresses on each of the two main girders 
at intervals of 20 feet, the train being considered as a uniformly 
distributed load and longer than the span, and the dead weight 
of the bridge being neglected ? 


- €= 200. w = 1 ton for each girder. 
Dead load on each girdc- = 200 tons. 


RIP WVtTT 
ad ih Ft BAO 


ADL bA 

















Beas wa Max: Strvatrom) Siren from | Tou Stee rer 
= 8 ese 
Feet. | Tons. : Tons. Tons. Tons. 
0 100 0 75 175 
20 gs. 1 60 141 
40 64 : 4 45 109 
oO 49 ! 9 30 79 
so | 6 | 16 15 51 
100 | 25 | 25 0 + 25 
19 | | 36 ~15 ~ 51 
440 2 | 4 30 - 79 
160 4 | 66 ~ 45 ~ 109 
"180 1 | Bt 60 -14l 
200 0 : 





100 ~ 35 ~ 175 
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The maximum positive shearing forces may be calculated from 


: ~ x2 
the equation, F, = an = P, and the negative stress from 


the equation, F, = fe = Q, by giving to 2 its proper value. 


It will be seen that the maximum numerical value of the 
shearing stress occurs at each abutment, and is equal to 100 tons, 
while the minimum numerical value occurs at the centre of the 
beam and is equal to 25 tons. 

Example 11.—In the last example, what are the maximum 
shearing stresses at the different sections of the girder durin 
the passage of the load if the dead weight on the girder, a d 
ing its own weight, be 150 tons equaily distributed ? 

The fourth column in the table gives the shearing stresses 
arising from the dead weight alone, and the fifth column gives 
the total maximum shearing arising from both the live and dead 
loads. These latter stresses are obtained by adding those in 
column 4 to the corresponding maximum numerical stresses in 
columns 2 and 3. 





Pig. Ti. 
It will be seen from Tablé XVII. that whether the live or 
dead loads, or a combination of them, be taken, the shearing 
stresses on both halves of the girder are equal, though of oppasite 


“Fig. 71 represents graphically the shearing stresses on the 
girder for the different loads drawn to scale. 


>be, : 20 feet. 
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Draw the ordinates, A A, and BB,, each = 75 tons. 
Join A, B,; the two triangles, A A,C, BB, C, will conse- 
uently represent the diagram of shearing stresses on the girder 
br the dead weight alone. 

Next, draw the ordinates, A A, BB,, each equal to 100 tons. 
_Construct the parabolic curves, A,C, B, B,C, A. The spaces 
included between these curves and A B will give the diagrams 
for the maximum positive and maximum negative shearing 
stresses respectively, arising from the travelling load. 

Next, by setting off on the ordinates through A, a, 6, c, &c., 
A, A,= A Aj,@;43=a @,, b,b,=6 b,, &c., we get the line A, a,.. .C,, 
which is the locus of the maximum positive shearing stresses 
for both loads taken together. 

In the same way we can construct B,i,g, ... C,, which is 
the locus for the maximum negative shearing stresses. 


CHAPTER IX. 


CENTRE OF GRAVITY AND MOMENT OF INERTIA OF 
PLANE SURFACES. 


It will be seen in Chapter X. that, in order to determine the 
transverse strengths of beams of solid section, it will be necessary 
in the first instance to know the moments of inertia of the 
sections of such beams with respect to axes passing through 
their centres of gravity. It is advisable, therefore, that the 
student be able to determine the centres of gravity and moments 
of inertia of the sections of such beams as are usually to be 
met with. 

In ordinary language the terms “centre of gravity” and 
“moment of inertia ” have reference to the weight or mass of 
solid bodies, and belong to the domain of rigid dynamics. As 
used in this sense they do not concern us here; it is only in 
their application to plane surfaces that we wish to consider them. 

122, of Gravity.—7he centre of gravity of a plane simple 
surface is tis geometrical centre. That of a circular surface, for 
example, is the centre of the circle bounding the surface, while 
ane of a parallelogram is the point where ite diagonals intersect 
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The centre of gravity of a triangle is found by joining the 
middle points of ‘any two sides with the opposite vertices ; the 
point where the two lines thus drawn intersect each other gives 
the required centre. 

The centre of gravity of the segment A CB of a circle whose 

(A B)* 
12 x area of segment 


The line O O, being drawn to bisect the chord A B. 
In the case of a semi-circle the line 
O O, = 4244 x radius. 


A 
The centre of gravity of any four- Nee 
sided figure may be found thus— 78 


In fig. 72 draw the diagonals AC 
and BD of the figure ABCD, inter- 


centre is O is at the point O, where 0 O,= 


secting each other at E;set off AF = EC; 

join FD and FB. Find O the centre an 
of gravity of the triangle B F D as ex- D ed 
plained. This point will be the centre Fig. 72. 


of gravity of the whole figure. 

23. Centre of Gravity of Section of Flanged Girder. — The 
following is an important case :-—Fig. 73 represents the section 
of a cast-iron beam which is symmetrical with reference to the 
vertical axis yy. The section is com- 
posed of three rectangles—viz., A BC D 
and EF GH, which are the sections 
of the top and bottom flanges respec- 
tively, and the rectangle which connects 
them together, which is the section of 
the web. 

Tne centre of gravity, O, of the 
whole section will lie in the line yy, 
and it will only be necessary to deter- 
mine its distance along this line from 
some fixed point. 





Let a, =area of top flange A BCD, 
a,=area of bottom flange EF GH, 
a,=area of portion of web above X X, 
a,=area of portion of web below X X, 
2, = distance of O from centre of gravity of top flange, 
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Let z,=distance of O from centre of gravity of bothem 
flange, 


x,= distance of O from centre of gravity of top per 
tion of web, 


a,=distance of O from centre of gravity of bottom 
portion of web. 


From the principles of the centre of-gravity, we get 
@, H+ Ag %y=Ay M+ Aye, . be 


As @,, @, @, a, are known, and as 2). 23, 7, are known in terms 
of 2, from this equation we can determine the value of z,, which 
gives us the position of the centre of gravity, O, from a known 
point. 

Example 1.—¥ind the position of the centre of gravity of the 
cross-section of a cast-iron girder of the following dimensions— 


Let «= distance of the centre of gravity O from the bottom edge 
of the section. 
Total depth of girder = 14 inches. 
Area of top flange=4 x 2=8 sq. im. 
Area of bottom flange=-6x4=24 ,, 
Area of top portion of web = 2 (12 — 2). 
Area of bottom portion of web = 2 (x ~ 4). 


Distance of O from centre of gravity of — 
Top flange = 13 — 2, 
Bottom flange = xz — 2. 


Top portion of web = a 


Bottom portion of web 225% 


We get from equation (1) — 





8 (13-2) +2 (12—a) x 72724 (2-2) 49 (e—4) x oe 


Or w= 5°33 inches. 
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124. Centre of Gravity of T-Section.—In fig. 74— 
uet b= width of flange of tee. 
d= total depth. oo aed 
é 
+ 


a 
i 
; 


geen ener 






d,= depth of web. 
b, = thickness of web. 


x=distance of centre of gravity of the 
sections from the top edge. 


—de o d, Om @ wee 


By working on the same principle as that <--- $ ~--+ 
smployed in the case of the flanged girder, it Fie. 74. 
nay be shown that— 


Z bd (d-d,) 
t= 4 { d, + bd, +o (d ~d,) ‘ . (2). 
Example 2.—What is the distance of the centre of gravity of 
1 tee section 6” x 3” x 4” from the end of the tongue ? 


b=6, d=3, d,=2°5, b,=°'5. 
From equation (2) we get— 
25 Ox 64°5x3 : 
> + 6x be BROS = 2-3 inches. 

125. Practical Method of Finding the Centre of Gravity of a 
Surface..—In the case of figures of irregular form whose centres 
of gravity cannot be conveniently determined by any of the 
methods already referred to, the following practical method will 
fix the centre of gravity sufficiently near for practical purposes -— 

Cut a model of the section out of a piece of cardboard or thin 
metal of uniform thickness, and suspend the model from two 
different points, as shown in fig. 75, allowing a plumb-bob to 
hang from the point of 
suspension in each case. 

The plumb-line will pass 
through the centre of 
gravity in each position, 
and by tracing the lines 
on the model their point \~~ 
of intersection O will give 
the centre of gravity of 
tho figure. OQ 

Even in cases where the Fig. 75. 
centre of gravity may be : 
found by calculation, this practical method may be adopted with 


«= 


i om wh 
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advantage where great exactness is not required, as it often 
saves an amount of laborious calculation. 
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126. Definition —// a plane surface be considered to be composed 
of a number of infinitesimally thin lamina, and if the area of each 
lamina be multiplied by the square of its perpendicular distance from 
a given line or axis, the sums of all these products is called the 
geometrical moment of mmertia of the surface with respect to that 
axis. 

The symbol I is used to express the moment of inertia by 
most writers on the subject, and we shall adopt the usual nota- 
tion in the following pages. 

127. Moment of Inertia of a Rectangle—A BC D (tig. 76) is 

a rectangle; it is required to 

ii pact find its moment of inertia with 

respect to the axis X X which 

passes through its centre of 

gravity, O, and is parallel to the 
sides A B and DC. 


Let AB=6,AD=d. 
I = required moment 
of inertia. 





The rectangle may be con- 
sidered to be made up of a number of elemental areas or laminz 
parallel to X X. 


Let ¢ = thickness of one of these elemental areas, 
y = its distance from X X. 


Then, its area = 6, and its moment of inertia, with respect to 
X X, from our definition == b ¢y*. 
_ The moment of inertia of the rectangle = sum of these, or 
A aweug * 

The expression 24 ¢ y? is the sum of an infinite series and 
bd 


= t) . 2 ¢ 2 3 
its value, taking y between its proper limits is 7 5 

* This summation is most conveniently effected by means of the integral 
calculus, thus :—I = 2[*5 ydy= i 
6 
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We have, therefore, for the rectangle 
b a3 
I = “V2 ° . ry ° (3). 


If 6 and d be both expressed in inches, I will be expressed in 
inch-units. 
If b=d we get— ha 
8 I = 12 ° ° e Py (4). 


which is the expression for the moment of inertia of a square 
whose side = d, and with respect to an axis passing through its 
centre of gravity and parallel to a side. 

If in the rectangle the axis is parallel to the side d, the expres- 
sion for the moment of inertia becomes 


d 68 
1 

128. Moment of Inertia of Complex Figures.—It will frequently 
be necessary to determine the moments of inertia of beams of 
complex sections, made up of two or more simple sections. This 
can readily be done when the moments of inertia of the simple 
sections are known, by employing the following important 
theorem :— 

The moment of inertia of an area with respect to any axis is 
equal to the moment of inertia of the area about a parallel axis 
passing through its centre of gravity plus the product of the area 
anto the square of the distance between the two axes. 

To express this theorem by symbols, 


Let I = moment of inertia of a surface about an axis pass- 
ing through its centre of gravity ; 

I, = moment of inestia of the same surface about a 
parallel axis situated at a perpendicular dis- 
tance, h, from the former ; 

A = area of the surface. 


Then T,=T+AM . .) (5). 
By means of this relationship the moment of inertia (I,) of 


the rectangle shown in fig. 76 with respect to an axis passing 
through the sides A B or DC, may be determined thus— 


= 
— 


' 


i 


bd ad 
eae ial 
we get then from equation (5)— 
bd dad? bd 


I DE Sa ee ee 


ee Tg 4 3 
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If the axis passes through the sides A D or BC, 


db 
bs is ; i= 3 


From this it will be apparent that the moment of inertia of a 
rectangle, with respect to an axis passing through a side, is four 
times that of the moment of inertia of the same rectangle with 
respect to a parallel axis passing thiough its centre of gravity. 

dvample 3.—A rectangular beam is 4” wide and 6” deep. 
Determine the moment of inertia of its cross-section, 


Ist. With reference to an axis passing through its centre 
of gravity and parallel to the short side ; 

2nd. With reference to an axis passing through its centre 
of gravity and parallel to the long side ; 

3rd. With reference to an axis passing through one of its 
longer sides ; 

4th. With reference to an axis parallel to a short side and 
at a perpendicular distance of 2” from it, 


4 (6/8 , 
Ist. I = (8) = 72 inch-units ; 
G (458 : 
2nd. I = ae = 02 inch-units ; 
3rd. I = 32 + 24 (2)? = 128 inch-units ; 


4th. T= 72 4+ 24(1)? = 96 inch-units. 
129. Moment of Inertia of a Circular Disc.—In fig. 77, 


Let I, = moment of inertia of the disc with reference to an 
axis passing through its centre O and perpen- 
dicular to its plane ; 

I = moment of inertia with reference to an axis AB 
passing through its ceutre and lying in its plane. 


The circular surface may be considered to be made up of 
a number of circular laminz. 
Let ¢ = thickness of one of these 
B whose distance from O = y. 
The moment of inertia of such a 
lamina with reference to an axis per- 
pendicular to the plane of the paper 





Fiy, 77. 
= 2oy°* t, and the moment of inertia of the whole surface is 
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Tf R = radius of circle 


Again, a 
Tay = 7 te gt | 88), 


130. Moments of Inertia of a Circular Ring and Hollow Rectangle. 
~—-When a surface is obtained by adding two other surfaces to- 
gether, or by deducting one surface from another, both of which 
have a common centre of gravity, the value of the moment of 
inertia of the original surface is obtained by adding or subtracting 
the moment of inertia of one of the constituent surfaces to or 
from the other. 

Take, for example, the case of a circular ring, as shown in 
fig. 78. Ifrandr, be the radii of the outer and inner circles 
respectively, and I,, J., L be the 1nmoments of inertia of the large 
and small circular surtaces and the ring respectively, with refer- 
ence to a diameter as axis, we have— 


4 
wT 
i; == a 3 
| 4 
4 
T y= eds 
4 


I=l-=j@t-n) .  . 


In the same manner consider the case of the hollow rectangle, 
shown in fig. 79, 





a 73 Seema 





where O is the common centre of gravity of both rectangles. 
The moment of inertia of the large rectangle with reference to 


3 
the axis A B = oe 


V2: 
4 
"Ls te ydy=™. 
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That of the small rectangle with reference to the same axis 
b, @,* 

13° 

The moment of inertia of their difference or the portion shown 
in section 


= 


1 
=j5bdt-bd%). ©. 8) 


Example 4.—What is the moment of inertia of the section of 
@ circular tube of which the external and internal radii are 


12” and 10” respectively 3 
(1) With reference to a diameter of the section ; 
(2) With reference to the axis of the tube. 


r=12; 9, = 10. 
(1) From equation (7)— 
* {(12)# - (10)*} = 8,432 inch-units ; 


Tasam, sia 4 


(2) Toe = 2 Laiem, = 16,864 inch-units. 


Example 5.—In the Jast example find the moment of inertia 
of the tube with respect to a tangent to its outside surface and 
parallel to a diameter. 

From equation (5)— 

| Fon >. Tice + a(r aa T,°) x rs 
1,.,, = 8,432 + 19,905 = 28,337 inch-units. 


Example 6.—What is the moment of inertia of the cross-section 
of a hollow rectangular tube 6” x 4” outside dimensions, and of 
a uniform thickness of 1:5 inches, with reference to axes passing 
through its centre of gravity and parallel to its longer and 
shorter sides ? 

Let I, = moment of inertia with respect to axis parallel to 


longer side ; 
I, = moment of inertia with respect to axis parallel to 


shorter side. 
From equation (8), we obtain— 
. 3 3 
1, = 2G) 3x UF 2 31-75 inch-units 


eo 8 
L a an = §9°75 inch-unita, 
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131. Moment of Inertia of Beams of H-Section with Equal 
Flanges.—Fig 80 represents the section of a beam where 


d = total depth, 


d, = depth of web, 
6b = width of each flange, 
a = thickness of each flange, 


b, = thickness of web. 


The moments of inertia of the section with respect to axes 
XX and Y Y passing through its 
centre gravity, are equal to the differ- 
ence of the moments of inertia with 
respect to those axes of the two rect- 
angles whose areas are bd and (6 - b,) d,. 


We-bY — 





dp 


teaee= ipa--m- >} 


Tee eel bahay 6): 


[3 | 
ly y= jy (48d, (8-B9} (10). 


% 
i{enseee 
' 


Ra-- bb 
Fig. 80. 


If the web be thin in proportion to the other dimensions, its 
moment of inertia may be neglected without introducing much 
error; in such case, putting b, = 0, we obtain— 


1 
er ‘ 


Example 7.—¥ind the moments of inertia of the cross-section 
of a 12” x 6” rolled girder, with reference to a horizontal axis 
(X X) and also with reference to a vertical axis (Y Y), both 
passing through its centre of gravity, the thickness of the flanges 
being 1”, and that of the web 4”. 


b=6, d=12, b= °5, d, = 10. 
Substituting these values in equations (9) and (10), we get— 


Tex = jo {6 * (12)— (6-3) x (10)9} = 405-6 inch-units 


Tey = 5 [12 x (6)8— 10 {(6)8~(-5)%}] = 36-2 inch-units 
10 
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Example 8.—In the last example what are the moments of 
inertia of the section if the web be neglected ? 
From equations (11) and (12) we get— 


Tex = qu * 6 {(12)°— (10)8} = 364 inch-unite, 


ee 1 x (6)8 x 2 = 36 inch-units. 

It will be observed that the amount of crror in the moment of 
inertia, by neglecting the web, is almost nil, when taken with 
respect to the axis Y Y. 

In calculating the moments of inertia of beams of H-section of 
equal flanges, if Pthe thickness of the flanges be small compared 
with the depth of the beam, the flanges may be supposed to be 
concentrated on their centre lines, without introducing much 
error into the result. — 


Let d) = depth between the centres of the flanges, 
a, = area of each flange, 
a, = area of web. 


Then, from the definition of the moment of inertia, we get 
approximately— 


ip I? 1 
IT=a, (2) + a, (3) + 55 % dy. 


\ 


RA 


do a, 
I= F(a, + @°) . _ = & we 
where I is taken with reference to an axis passing through the 
centre of gravity of the section and parallel to the flanges. 
If the web of the girder be thin, and we neglect its moment of 
inertia, equation (13) becomes 


“e 


T=2a. . . . (14) 


Example 9.—Apply equations (13) and ( (14) to determine the 
moment of inertia of the section of the beam given in example 7, 
end show the amount of error introduced. 


dy aad 1], a, roel 6, a. a 5. 
From equation (13) we get— 


I= a (6 4 3) = 413-4 inch-unita 
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As the correct value of the moment of inertia = 4056 inch- 
units, the error = 413-4 — 405-6 = 7:8 inch-units, or nearly 2 
per cent. in excess, which is a trivial discrepancy. 

Neglecting the web and applying equation (14) we get— 


T= +," x 6 = 363 inch-units. 


The crror in this case = 405-6 — 363 = 42:6 inch-units, or 
about 104 per cent. less than the true value. 

In Chapter X. it will be seen that the transverse strength of 
a beam depends upon the moment of inertia of its section, and 
we may lay it down as a general practical rule for H-beaws with 
equal flanges— 

Ist. That when the flanges and web are thick, as is usually 
the case with cast-iron sirders, the value of I should be calculated 
from equation (9). 

2nd. When the flanges are comparatively thin, as is the case 
with wrought-iron or steel-rolled girders (except those of small 
section), it will be sufficiently accurate to determine I from 
equation (13). 

ord, When both flanges and web are thin, as happens in 
wrought-iron or steel-built or rivetted girders, I may be calculated 
from equation (14). 

Heample 10.~-Determine the moment of inertia of the section 
of a cast-iron girder of the following dimensions, with respect to 
an axis passing through its centre of gravity and parallel to the 
flanges :— 


The total depth of girder = 18”. 
Area of top flange 6" x 2" = ]2 square inches, 
Arca of bottom flange = 12” x 3” = 36 square inches, 
Area of web = 13” x 2” = 26 square inches, 
Total area of section = 74 square inches. 


i 


i 


i 


To effect this solution we must first determine the position of 
the centre of gravity of the section. 


Let x = distance of the centre of gravity from the outside 
edge of the bottom flange ; 


we have, therefore, 


12.(17 — x) + 2(16 - x) x 5 = 96 (2-§) + 2le~ 3) x2", 
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Reducing this equation, we get, x = 6:8 inches. 
To find the moment of inertia of the section, we must substitute 
in equation (g), p. 150, the proper values of the symbols, viz. :— 


b=6, b,=12, t=2, t,=3, d=112, d,=68, %=2 
T=) ¢6(11-9)8— (6 ~ 2) (11-2 - 2)8 + 12 (6-8)? ~ (12 — 2) (6-8 - 3)5} 
3 
= 2,846 inch-units. 


Example 11.—In the last example, determine the moment of 
inertia of the section with respect to a vertical axis passing 
through the centre of gravity of the section. 


f inertia of top flange = “(5)” 36 
1, = moment of inertia of top ange= -),° = 36, 


I,= - ‘5 bottom ,, = ( 2) _ 439, 


8 
I, = ” 1 web, = 4, = 8°66, 


I= - ‘ the whole section 
=1+1,+I1,=36 + 432 + 8-66 = 476-66 inch-units. 


Example 12.-—~Determine the moment of inertia of the section 
of the girder, given in example 10, with respect to a horizontal 
axis passing through its bottom edge. 


From Art. 128 we find— 
)3 
J, = moment of inertia of top flange = ne) +6x2(17} 


12 
== 3,472 inch-units, 
I,= ms ‘i bottom ,, ae +12 x 3(1°5)* 
r= ta. inch-units, 
ie. = a ae a +13 x 2(9°)8 


= 2,712-7 inch-units, 


T= required moment of inertia =I, + I, +1, = 6,292°7 ,, 
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132. Moments of Inertia of Beams of Various Sections about 
a Horizontal Axis passing through their Centres of Gravity. 


Beam of Solid Rectangular Section. 


6 ds 
I = Tp e e ‘. (a). 






Beam of Hollow Rectangular Section. 
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at Beam of H-Section unth Unequal Flares. 
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AER i , See Porrah 4 a ta 
A HET be = iad (0, = to) (a, Sac t,)*} e (7) 
Mow~---:b)------ » 


Beam of Cruciform Section. 


1 | 
I= 55 (hd, + 26,05} © (H), 


Beam of Trapezoidal Section. 


b?7+466, + 2 
oan fe ARORA NS BOO ae 
I a 36 b, Sf b ° (2). 








Beam of H-Section of Equal Flangrs, the Web 
beiny neglected. 








; 
T=; b@- 5). . (). 


Beam of Hexagonal Section. 
I = 5412 bs. : . (k). 





Beam of Parabolic Section. 


bd 
T= sre ¢ + GD 
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Beam of Solid Circular Section. 
I= -7854re . (m). 


Beam. of a Hollow Circular Section. 
I = ‘7854 (rt — r,4) . (n). 


‘Beam of a Solid Semicircular Section. 


T=‘lirt 2. Gh. 
Beam of a Solid Elliptical Section. 


T= -7854bd5  .  . (p). 


Beam of a Hollow Elliptical Section. 
II = -7854 (bd? — b,d,®)  . (g) 





CHAPTER X. 
INTERNAL STRESSES IN BEAMS. 


133. Theory of the Stresses on Loaded Beams.—The following 
investigation, it must be borne in mind, is mainly a theoretical 
one, and certain assumptions are made which are not altogether 
warranted from a practical stand-point. 

It is not surprising, therefore, that the results dedueed do: not 
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in all cases accord with those derived from actual experiment. 
But, however imperfect the theory may be, it is the best which 
we possess, and the results deducible from it, when modified by 
practical experience, are sufficiently accurate for all ordinary 
purposes. 

Fig. 81 represents a portion of a loaded beam, the scction of 
which is rectangular; the investigation will apply, however, to 
any beam whose section is symmetrical with reference to @ 
vertical axis, and it is assumed—though the assumption is not 
accurate for most materials—that the material of which it is 
composed is a perfectly elastic one. 

YY is a vertical section passing through the centre of the 
beam; MN, MN are sections at any other parts; the lines 
MN, MN,Y Y¥ all radiate towards the common centre of the 
circle of curvature of the layers M M, OO, NN, &e. aA 

Before bending, the lines MN, MN were vertical, and the. 
layers MM, NN were of the same length. After bending, the 
top layer N N becomes 
shortened and the bot- 
tom MM _ lengthened, 
and there will beacertain 
layer OO intermediate 
between these which is 
neither lengthened nor 
shortened, but retains 
its originallength. This 
latter layer which in a 
beam of rectangular sec- 
tion, or any section sym- 
metrical with respect to 
a horizontal axis, is in 
the centre of the beam, 

Fig. 8}. and is called the neutral 
surface of the beam. 

‘All layers of the beam below OO will be lengthened, and will, 
therefore, be exposed to a tensile stress, while all those above 
QO O will be shortened and exposed to a compressive stress ; the 
layer OO which is not altered in length will be exposed to no 
stress whatever. 

Consider any intermediate layer, P P, whose distance below 
the neutral surface is equal to y. Then ifr =radius of curvature 
= — neutral surface OO, r+y will be the radius of the layer 


The original length of P P was equal to OO, so that PP-OO 
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represents its increase of length; and as the strain on any 
layer is measured by its increase of length, the strain on PP 
per unit of length is represented by its increase of length per 
unit of length. 

If /=this strain we get— 


)_PP-00 
~ "OO ° 


As the lengths of arcs of circles are proportional to their 
chords, we get by similar triangles 


PP rt+y | pty a! 
OQ rp 


From this it is seen that the strain, and consequently the stress, 
on any layer of a perfectly elastic beams proportional to its distance 
Srom the neutral surface. 

This is practically true of beams of all materials, so long as 
the material is not strained beyond a limit considered sate in 
practice. 

The layer at a distance y above the neutral surface is 
shortened by the same amount as the layer P P is lengthened, 
consequently the stress upon it is the same in amount, but of 
opposite kind. 

As the total stresses above and below the neutral surface are 
equal in amount, it follows that the neutral surface must pass 
through the centres of gravity of the different sections of the 
beam, and the neutral axis X AX must pass through the centre of 

vity of its cross-section. 

It will be gathered from the foregoing explanation, that in a 
loaded beam of any section the external fibres at the top or 
bottom may be strained to their breaking point, while those near 
the neutral surface may be exposed to little or no stress. Beams 
of a rectangular section which have a great deal of material close 
to the neutral surface are, therefore, not economical, while those 
of a circular section are still less so. On the other hand, flanged 
beams of H-section, which have the bulk of the material at a 
distance from the neutral surface, are best adapted for resisting 
the longitudinal stresses of compression and tension. 

The bending moment developed in each section of a beam has 
to be resisted and held in equilibrium by its moment of resistance 
with reference to the neutral axis, so that in all cases the bending 
moment must be equal to this moment of resistance. 
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Let «= moment of resistance to flexure. 
M = bending moment. 
Then in all cases w= M. 
The expression 4, in addition to being called the moment of 


resistance to flecure, is also sometimes designated the moment of 


the elaatic forces, or the moment of stress. 
134 We will now show how « ay be determined for beams 


of ditferent sections. 
‘Consider the cross-section, abed, of the beam, shown in 


fig. 81, to be made up of an infinite number of elementary 
lamine parallel to the neutral axis X X. 


Let ¢= thickness of one of these laminw p p. 
6= breadth " ys 7 


y= its distance from X X. 
j= intensity of stress per unit on the lamina. 


Then the total stress on the lamina =/b 7. 
The moment of this stress with respect to the neutral axis 


=fbty . , (1). 
Let h, = distance of the extreme fibres at ab from X X. 
h, = ” ” dc ” 
J, = compressive unit-stress on the fibres a 0. 
J/2= tensile ee 7 cd. 


oe eee aes 
Then we al a * or f= h, Ye 


Similarly we get f= Ls y. 


Substituting these values in equation (1) we get moment of 
stress on the elementary lamina p p 


Avy gyal bty 
rl a al 


Taking the sum of all these moments about the neutral axis, 
we obtain the moment of resistance of the whole sectian. 


pol = bt y?, ees Sbty*. 
hy hy 
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We have seen in Chapter IX., Art. 126, that the expression 
Zbty*® represents the moment of inertia of the section with 
respect to the axis X X or Zbty? = I. 


Consequently «= f IT, or w= fs de 
1 2 


Of these two values of « the least should be taken in calculat- 
ing the strength of the beam. 


The general expression for the moment of resistance of the 
section is- - 
t ] 


any 


where f=unit-stress on the fibres at the distance 2 from the 
neutral axis. 


As w= M (bending moment) we get— 


M = I: . T . ry . * 8) . 

h (3) 

This equation will enable us to determine the strength of any 
bean, no matter how loaded. 

If the bending moment at any section of a beam be known, 
and also the moment of inertia of the section about its neutral 


axis, the intensity of the stress on the fibres ata distance h from 
the neutral axis may be found from the equation — 


= 1. e « ° ° (4), 


which is derived from equation (3). 
135. Beam of Solid Rectangular Section.— 


Let 6= breadth of beam. 
d=depth i 


In this case the neutral axis passes through the centwe. of the 
section so that— 


d bd 
sea acs (oy 

Substituting these values in equation (3) we get— 
tba 


6 » 6 0 (8), 
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If the section of the beam be a square, whose side is 6, we get-— 


3 
Male ee mee ee) 


136. Beam of a Solid Square Section, One Diagonal being 


‘Vertical— 
Let 6=side of square. 


Phen he ve 
. b4 
And since I = 13° 
Substituting in equation (3) we get— 
Sly ot fe 33 
M= cy all 12 oo 85 5 : . (7). 
137. Beam of a Solid Circular Section.— 
Let r = radius, h=r. 
IT = ‘7854 v4, 
M= ‘7854 fr? , ; ; : (uv). 
138. Beam of a Hollow Circular Section.— 


Let r = external radius, 


r, = internal radius, 
I = -7854 ‘7 - 7,4), 
- 7, 
M = ‘7854 Vee at » « (9). 


If ¢ = thickness of the tube, then 7, = 7 — 4 
Substituting this value of r, in equation (9), we obtain— 


os ~ £\4 
M = -7854/. man 


2 3 
= 78547." 4r3t-6r ct ert = 


If ¢ be small compared with r, the expressions containing 
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#, #, and t4 may be neglected without introducing much error, 
and we get— 


3 
M= 7854/9" Saafrte. . (10) 


139. Beam of Hollow Rectangular Section.— 
Let d and d, = external and internal depths, 
6 and $, = external and internal breadths. 
0G Say 
12 


= ’ 


M= J (b@-hd’) . .  .  (ID). 


If the beam be of a hollow square section 
b = d, b, = d,. 
M= Jota)... (19). 


If the square tube be of uniform thickness, ¢, throughout 
d, = d- 2 t. 


Substituting this value of d, in equation (12) and neglecting 
all terms containing 2’, 23, and (4, we get— 


M=i.fde . . (12a). 


This equation gives a sufficiently accurate resu.t if ¢ be small 
compared with d. 


140. Beams of H-Section with Equal Flanges.— 
Let 6 = width of each flange, 
d = total depth of beam, 
d, = depth of web, 


b, = thickness of web. 
Then I = 7, (bu? ~(b-,) dy} 


ee 


a 
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Substituting these values of I and / in equation (3), we get— 
: ae 
M = () {dd -(b - b,) dy} ; P (13). 


If the thickness of the flanges be small compared with tho 
depth of the beam, we obtain from equation (13), Chapter IX.— 


M = fay (a, 4 ) - 4 (14), 


where ¢, = depth between centres of flanges, 
a, = area of cach flange, 
a, = area of the web. 


If the web of the girder he thin, it may be neglected withcut 
introducing much error; in which case we find from equation (14), 
Chapter [X.— 

ion r 
M = fd, ay ° e * (15). 

If the beam be placed so that its web is horizontal instead 
of vertical; its moment of inertia, with respect to a horizoutal 
axis passing through its centre of gravity, is from equation (10), 
Chapter [X.-— 

l 


L= 1, P(d-a)+ bed}, 


where 6, ¢@, b,, 7,, represent the dimensions already given. From 
this we ‘eet— 
Py 
eee gee Pe eee ot .  . (16). 

An adaptation of ee (15) may : uscd for determining 
the strengths of most wrought-iron and steel-rivetted girders, as 
in such cases the webs are thin, and for practical purposes the 
strength which they add to the girder in resisting bending 
moments may be neglected. Jn such girders, also, the thickness 
of the flanges is small compared with the depth of the girder. 


Let S = total stress on either flange of the girder in tons; 
then S=/fa, 
where f = unit-stress in either flange, 
a, = sectional area of either flange in square inches. 


i 


Equation (15) may, therefore, be written 
M=Sxd . . . (17), 
where d = depth between centres of gravity of the flanges. 
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For girders resting on two abutments of span 7 and supporting 
a weight W at the centre, M = ve 
Substituting in equation (17), we get— 
Wil 
S = - td’ a ee (18). 
For girders supporting a distributed load W, 


Wi 


8 aoa Sd ° « . e (19). 
For a cantilever of length, J, with a weight, W, at the end, 
WwW a 
=. 9 
S r : (20). 
For a cantilever supporting a distributed weight, W, 
Wil 
S= IW: ; , ; (21). 


Example 1.—A cast-iron girder of H-section rests on two 
supports 20 feet apart; what weight placed at its centre will 
break it, the modulus of rupture being 12 tons; and the scction 
of the girder being— 


Total depth ¢ = 12 inches, 
Depth of web d, = 9 inches, 
Width of each flange 6 = 5 inches, 
Thickness of web 6, = 1 inch ? 


The flanges are of cqual thickness, viz., 14 inches, 
f = 12 tons, = 240 inches. 


Let W = required breaking weight in tons. 
The maximum bending moment, “M = 60 W. 
Substitute in equation (13) 


60 W = 7, {bd?—(6-b,)d,3} 
12 


ak BT {5 x (12)8~{5—1) x (95}. 
W = 15:9 tons. 
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Applying the approximate equation (14), we get— 


60 W = 12 x 105 (75 3): 


or, W = 18-9 tons. 


141. Beams of H-Section with Unequal Flanges.—In cast-iron 
girders of H-section, the section of the bottom flange is made 
considerably larger than that of the top, as cast iron is much 
stronger in compression than in tension. 

The moment of resistance of the section of such a girder is 
expressed by the general equation 


ae 
pe a 
: 
where I = moment of inertia of the section with respect to an- 
axis passing through its centre of gravity, and parallel to the: 
flanges. 


J = unit-stress on the extreme fibres of the beam, 
Ah = distance of extreme fibres from the neutral axis. 


jf may represent the unit-stress on the extreme fibres either at 


the top or bottom of the beam, whichever gives to : its least 


value. 

For example, if the ultimate strength of cast iron in com- 
pression = 40 tons per square inch, and the distance of the ‘ 
extreme top fibres from the neutral axis = 8 inches, then 


In the same beam, if the strength of theiron in tension = & 
tons per square inch, and the distance of the extreme bottom 


fibres from the neutral axis = 2 inches, then Fa : = 4, 


As this second value of f is the smaller, it must be substituted 


in the general equation in determining the strength of the beam, 
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Let 6 = width of top flange, 
t = thickness of top flange, 

width of bottom flange, 
thickness of bottom flange, 
thickness of web, 
distance of top of beam from the neutral axis, 

” ” bottom ”» 
dias at the top and bottom of the beam, 


5 ; (bd8—(0- ty) (d — t)8 + by dS — (b, - ty) (dy — 4)%}. 


aw. Ov 
the 


Hoy ue won a 


Jj and 


fon es Qas* 


oe 


See equation (g), page 150. 
Substituting this value of I in equation (2) we obtain— 


am Sh (bad ~ (b~ ty) (08 +b, 28 ~(6,~ 4) (dy - H} (22), 
A. ff 


emus be used in this case as 3 d, <35 

This is the ome expression for the moment of resistance of 
the section. Several approximations may be made according to 
the relative proportions of the different parts of the section. 
For example, if the thickness of the flanges be small compared 
with the depth of the beam, they may be supposed to be con- 
centrated at their centre lines. In such case we get the follow- 
ing approximate formula— 


wad \ (a+) 2+ (a, +a? (28). 


Where d = distance of centre of top flange above the neutral 
X18, 


d, = distance of centre of bottom flange below the 
neutral axis, ; 

a, = area of top flange, 

a, = area of bottom flange, 

a, = area of web above the neutral axis, 

a, = area of web below the neutral axis, 

J = stress on the extreme fibres at the top of the 
beam, 

J, = stress on the extreme fibres at the bottom of the 
beam. 


If fi <f A must be taken as the multiple instead of J 
l 
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When the flanges of the beam are equal to each other, the 
neutral axis passes through the centre of the web. 


If d, = depth between the centres of the flanges, 
a, = area of each flange, 
- Gy = area of the web, 


equation (23) may be written— 
w= fay(a, + 2), 


which agrees with equation (14), as already determined. 
142. Beams of T-Section. 


Let b, = width of flange, 
j == thickness of web, 
d = distance of centre of gravity from edge of web, 
dj= 4, 5 ms outside edge of flange, 
dy os ” ” 39 inside Y) ” 


Then since from equation (e), p. 149, 


T= 5 (oP +d, d8— (b,-d)d,3} 
we have bs Z {6 d+ 6, d,° - (6, - b)d,3}, 
or, ae i {5 d8+b,d,3—(b,-8)d,3} . (24). 


Where = / = unit-strers on fibres at a distance d from the 
neutral axis, 

J, = unit-stress on fibres at a distance d, from the 
neutral axis, 


The multiple re or oA is to be taken, whichever is least. 
: 1 


143. Discrepancies between Theory and Practice in Determining 
the Strength of Solid Beams.—The theory which has been given 
for determining the strengths of beams cannot be rigidly applied. 
‘Certain modifications have to be made to suit beams of different 
sections. 

r For a beam of rectangular section— 


b d? 
um fe 
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If a weight, W, rests on the centre of such a beam whose span 
is 1, we get— 


Wil 
M — “4 


Substituting this value of M in the previous equation, we get 
(since w = M)— 
Wil 


If W be the breaking weight of the beam, f ought to repre- 
sent the ultimate compressive or tensile strength per unit of 
arca of the extreme fibres; the strength of the beam, however, as 
determined from experiment, does not confirm this view. 

We will explain this by means of an example. 

Example 2.,—What weight applied at the centre of a cast-iron 
bar 1” square, placed on two supports 60” apart, will break it, 
the tensile strength of the iron being 9 tons per square inch, 
and its direct crushing strength 50 tons per square inch? 

This bar will fail by the fibres at the bottom tearing apart, 
and, according to the theory propounded, this will take place 
when the stress on them = 9 tons per square inch. Conse- 
quently we must put f = 9 tons, 6 = d = 1,1 = 60, in equation 
(27) when we get— 


bd? 2. bd 
Fer or Wash. . (25). 


9 9x] 
= ee = 2 
W 5 x 60 tons cw ts. 


Now, if this bar be tested experimentally by applying gradually 
increasing weights at its centre, it will (if sound) probably 
support 500 Ibs. before failure takes place. In other words, 
its actual strength is between 2 and 3 times that found accord- 
ing to the foregoing calculation. 

In the case of round bars, or square bars with one diagonal 
vertical, the discrepancy between the theoretical and actual 
results is still greater. 

Various explanations have been given to account for these 
discrepancies in the strengths of solid beams, but none of them 
appear to be sae satisfactory. One explanation is that when 
a beam is loaded transversely, the position of the neutral axis 
which at first passed through the centre of gravity of the section 
gradually shifted its position as the load was increased. This 
assumption does not seem improbable in the case of a material 
like cast iron, in which the ultimate tensile and compressive 
strengths differ materially from each other. 
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It is also probable that the lateral action between the different 
fibres of solid beams, which are exposed to different stresses, 
tends to equalise the stresses, and thereby accounts for the 
discrepancy. 

To illustrate the effect of this lateral action, let a, }, c, d (fig. 
§2) represent, say, a plate of iron, and suppose it be exposed to 
a tensile stress close to the edge a6. If the plate be a short one 
the fibres which are exposed to the greatest stress will be those 
close to the edge ab; but these are not the only fibres strained, 
for owing to the lateral adhesion between thein, a portion of the 
stress on those at ab will be communicated 
to those next to them, and these in their 
turn will communicate a portion of their 
stress to their neighbours, and so on, until 
the opposite edge dc is reached, so that the 
maximum stress will occur on the fibres at 
ab and the minimum stress on those at dc. 

In the case of flanged girders with thin webs, the value of f, 
as found by experiment, agrees very nearly with the ultimate 
tensile or compressive strength of the material, whichever is 
least ; but in beams of solid section it varies according to the 
section. 

Professor Rankine, instead of calling f the ultimate strength 
of the fibres, calls it the modulus of rupture, and assigns to i+ 
different values, according to the material and also to the section 
of the beam. These values are given in Table XVIII. and by 
using the proper value of / the various formule given may be 
applied with confidence in determining the strengths of beams. 





Fig. 82. 


TABLE XVIII.—Mopcu or Rurrore (f) or Beams or DIrFERENT 
Secrions axp Dirrgrenr Mareria_s., 


Modulus cf 
MATERIALS. Rupture (/) 
in Tons. 
Cast Iron. 
Small rectangular bars (not exceeding 1 inch in width), , 20°4 
Large rectangular bars (3 inches wide), ? ; ; 135 
Rectangular bars of Salisbury iron, U.S.A. (not exceeding 
- Linch in width), . ‘ ‘ P ‘ ‘ 24°0 
Small round bars 1 inch diameter, , ; ‘ : 23 ‘0 
~ 2inches _,, P ; j ‘ 20'0 
Beams of I-section, from. , ; . ; : 75 


#9 to * a a a & é 150 
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TABLE XVIII. —Continued. 
MATERIALS. 


Wrought Iron. 
Rectangular bars, ; 


Rolled I-girders, with flanges of equal area, about . : 
T-iron, with the flange above, about. ; ‘ ; 
a es below, P : ‘ ; 
Circular rivetted tubes of plate-iron, with transverse joints 
double rivetted, ; A : : ° . 


Steel Castings. 


Rough cast bars, annealed and cooled in oil at first set, . 
26 es +5 at fracture, ‘ 
Cast bars, planed and annealed, whose deflection limits their 


utility, : ; ‘ ‘ ; ; : 
Cast bars, planed, annealed, and cooled in oil, whose deflection 
limits their utility, , , : ; , 


Wrought Steel. 
Rectangular bars of hammered Bessemer steel for axles, rails, 


&e., . . : ‘ e 
‘i rolled Bessemer steel ss ss ; 
ee hammered crucible steel for axles, tyres, 
&e., ‘ . ; . 
- rolled crucible steel for axles, . : 
Timber. 
Ash, ‘ ‘ - é ° , ‘ 
Beech, . ; ‘ : ; 
Birch, ¢ e e e s 
Elm, r . ‘ : 
Fir, Red Pine, . : 
9 spruce, , : 


ey rch, ‘ : 

Oak, British and Russian 
» Dantzic, . : 
» American Red, 
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Sycamore, : , 
Teak, Indian, . ° 
9 Afr ican, * e 


Modulus of 


a fa (I) 


no Tons, 


23°0 
27°0 
24 0 
23:0 


19°5 


40°8 
91-2 


572 
§1°4 


66°0 
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Tables XIX. to XXIV. give the results of tests made by 
Mr. Barlow to determine the transverse strengths of cast-iron 
beams of square, round, and H-section. The last column, which 
gives the value of f or modulus of rupture, I have added. 

The bars were placed on supports at their extremities and 
loaded at the centre by a weight gradually increased until 


rupture took place. 
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TABLE XIX.—Square Bans or Cast Inon Broken ON THEIR SIDES, 
Span 60 Incues. 




















Depth. | Breadth. Sectional Area. Wenn Value of f. 
Inches. Inches. Sq. Inches. Lbs. Lbs. 
1°01 1-02 1-030 505 43,689 


101 1025 1°035 505 43,492 
101 1°02 1:030 561 48,534 
1-02 1025 1°045 533 45,004 
1-00 1°02 1-020 533 


Ce  eenmened 


Se nn a eemmasemmmmemneieenaananentemamnammenenement Eniaebainmeneent 


| 
E 1010 | 1-020 | 1-032 : 527 


TABLE XX.—Square Bans or Cast Inon Broken ON THEIR Srpzs, 
Sean 60 Incues. 






















nate 


eo Te Breadth. Sectional Area. ‘Weigte Value of f. 
Inches. Sq. Inches Lbs. Lbs. 
2020 4010 3,303 36,700 
2°015 4010 3,303 36,790 
2-010 4°040 3,443 38,160 
| 1-990 3-980 3,863 43,896 
| 


09 4-010 


The values of f in Tables XIX. and XX. are calculated from 
the equation— 


3 Wil 
any’ 
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TABLE XXI.—Sqoarg Bars or Cast Iron Broken on THEIR ANGLE, 
Sran 60 Incuxs. 





Breaking 








Depth. Side of Square. | Sectional Area. Weight. Value of f. 
Inches. Inches. Sq Inches. Lbs. Lbs. 
1°442 1:020 1 ‘040 449 53,945 
1°467 1:037 1:076 421 48,134 
1°450 1025 1:050 449 53, 160 
1°428 1‘010 1:020 449 55,564 
1:°428 1:010 | 1 ‘020 477 59,031 
i 
E 1-443 1-020 1041 449 53,973 














The values of f in Table XXI. are calculated from thi 
equation— 
. BW! 
f= Te 


TABLE XXIL~—Souip CrLtinpricaL Bars or Cast Iron 
Span 60 Incuks. 

















Mcan Diameter. Sectional Area Breaking Weight. Value of *. 
Inches. Sq. Inches Lbs, Lba. 
1-145 1-030 519 52,860 
1'113 0:972 505 56,017 
1115 0-976 449 49,511 
1118 0-981 449 49, 127 
1']20 0-985 449 48,840 
Mean, 1°122 | 0 989 474 51,271 





The values of f in Tables XXII. and XXIII. are calculatec 
froin the equation— 


ae 
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TABLE XXIII.—Sorip Cyzinprica, Bars or Cast Iron, 
Span 60 INCHEs. 





Sectional Area. Breaking Weight. Value of 7. 
Sq. Inches. Lbs. Lbs, 
4°987 4,283 40,897 
4°987 4,283 40,897 
4°987 4,003 38, 223 
4°948 4,003 38,524 
4-977 4,143 39, 635 





TABLE XXIV.—Casr-IRon Beam or H-Sxcriox, wirs Equau Fuances, 
Wes VERTICAL, SPAN 48 Incues. 












pant : Depth of abyss Thickness} Soctiona! prea he ye of 


Flange. Web. Flange. | of Web. | Area. | Weight. 


oom, | ner iantereir ainte apnn rere 











Inch. 













Inches, | Inches. Inch. Sq. In. Lbs. Lba. 
“98 1°99 55 2°51 3,310 | 33,878 


1-00 1:97 "47 2°47 3,560 | 35,950 
1-00 2 02 “48 2°52 3,735 | 36,366 

97 2°07 ‘53 2°81 3,910 | 34,005 
101 2°02 "52 2 67 4,528 | 40,784 
105 2°04 "47 2°57 4,563 | 41,582 
1°02 209 ‘53 2-71 4,423 | 40,060 


eee ercehaareD 


2°03 





2°60 





1-00 





The value of fin Table XXIV. is calculated from the equation— 


pad x Wal 
2 eg (b- “by ay 
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These experiments are instructive in showing how, in bars of 
the same material, the modulus of rupture varies according to 
the section. It will be noticed that the smaller the section the 
greater is the modulus, Roughly speaking, with bars 1 inch 
square broken on their sides the modulus is 20 tons, while with 
those 2 inches square the modulus is only 17 tons. Again, with 
1 inch square bars placed with a diagonal vertical, the modulus is 
as high as 24 tons, and with circular bars 1 inch diameter it is 
23 tons. When the diameter of the circular bars is increased to 
24 inches, the modulus is found to be reduced to 18 tons. As is 
to be expected in those bars which have most material in the 
neighbourhood of the neutral axis, the modulus is highest. For 
example, comparing a circular bar, 1 inch diameter, and a beam 
of H-section, 1 inch deep, the respective moduli are 23 and 
16-75 tons. 

144. Solid Rectangular Cantilevers Loaded Uniformly.— 


Let W = load uniformly distributed, 
i= length of semi-girder, 
b= breadth of beam, 
d= depth of beam. 


Moment of resistance w=/f. an 


Maximum bending moment M = = 7 
We, therefore, have ul U =f, of 
bd? 


or W=/f. 37 . * (26). 


Example 3.—One end of a rectangular beam of oak, 10 feet 
long, 4 inches wide, and 6 inches deep, is fixed in a wall; what 
load distributed over its length will break it, the coefficient of 
rupture of oak being five tons? 

Here we have / = 5 tons, b = 4 inches, ad = 6 inches, 
i = 120 inches. 

Substituting these values in equation (26), we get— 


_5x4x (6) , 
W = “3 °T [90 -a 2 tons, 


Example 4,—One end of a bar of cast iron, 4 inches square, 
was firmly fixed, the projecting portion being 6 feet. Weights 
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equally distributed were gradually applied until the bar broke. 
Determine the moment of rupture of the bar, the breaking 
weight being 4 tons. 
From equation (26) we get by transposing— 
3Wi 
2 hae i 


Substituting the values given above in this equation, we 
find— 


f= Oe = 13-5 tons. 


145. Solid Rectangular Cantilever loaded at the Free End. — 
Adopting the usual notation we get— 


2 
pale MWh 
Equating these, we get— 
bd? 
Wine 
2 
or, WwW = ae . « ° . (27). 


Example 5.—What weight suspended from the end of a 
rectangular cantilever of wrought iron, 2 inches wide and 3 
inches deep, will break it, the length of the cantilever being 
5 feet, and the modulus of rupture of the bar being 24 tons? 

From equation (27) we have— 

_24x2x(3)P J, 
We ge fg =H 2 tons, 

Bars of wrought iron of this section rarely actually break, but 
they become so bent that their utility is destroyed, and for all 
practical purposes they may be considered to be fractured. 

ixample 6.—A square bar of soft steel, 3 feet long, is fixed in 
a cantilever form. What must be the acction of the bar, so that 
a weight of 2 tons hung from its end will just produce fracture, 
the modulus of rupture being 36 tons 

Let d=side of the bar in inches. 

From equation (27) we get— 


tN! oe sa(¥2Y, 
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Substituting the values given in the example, we get— 


(a 
36 


Example 7.—In the last example, if the depth of the bar be 
2 inches, what must be its width in order to support the weight 

From equation (27)— 

6Wl 6x2~x 36 : 
b= Fdt = Bex (2)? = 3 inches. 

Example 8.—If the bar in example (6) be 3 inches wide and 
4 inches deep, what weight suspended at the centre of the canti- 
lever, in addition to the 2 tons at the extremity, will cause 
failure? Let W =required weight. 

The maximum bending moment is 


M=2 x 36418 x W. 


Equating this to the moment of resistance of the section, we 
obtain— 


$ 
d= ) = (12)4= 2-3 inches nearly. 


2 , 2 
18W+72= ie eo = 288, 
.. W=12 tons. 


146. Solid Rectangular Beams supported at both Ends and 
Loaded at the Centre. — 


fod wi 
2 fod 
a Py 3 e e ° (28). 


147. Solid Rectangular Beams supported at both Ends and 
Loaded Uniformly.—- - 
i 


waI 3 Mame 


Seite sk ea 29): 


Example 9.—A. beam of cast iron, whose section is 5 inches 
equare, is placed upon two props 10 feet apart. What weight, 
tae at its centre, will cause fracture, the modulus of rupture 

ing 14 tons? 
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From equation (28)— 
2. 4x 5 x (5)? 
Mg 


Example 10.—In the last example, if the beam be placed so 
that a diagonal of the cross-section is vertical, what is the break- 
ing weight at the centre, the modulus of rupture being 16 tons? 

In this case, since from equation (7), 

age 
= 8-5? 


= 9-7 tons. 


; 4 f8 & 16x (5) ,. 
ee W = B35 ° 6 = $5 * ag = 7°84 tons. 

From equations (6) and (7) it is seen that the strength of a 
beam of square section with a side vertical is to that of the same 
beam with a diagonal vertical, as 8:5 : 6, on the understanding 
that the moment of rupture (f) in both cases is the same. 
With some materials, however, notably cast iron, the moment 
of rupture in the latter case is somewhat greater than in the 
former, on account of there being more material in the neigh- 
bourhood of the neutral axis of the section, the proportion 
of the moments of rupture in the two cases for small sections 
being something like 10 to 9. This has the effect of reducing 
the relative strength of cast-iron bars with a side vertical to a 
diagonal vertical from to = i or about es In the 
example just considered, this proportion is as 9:7 to 7-84. 

Example 11.—A beam of spruce, 6 inches wide by 9 inches 
deep, rests on two supports 15 feet apart ; what weight per lineal 
foot distributed over the beam will cause it to break, the moment 
of rupture of spruce being 5 tons? 

Let W = required weight per foot in tons. 

From equation (29), we have— 

4 5x 6x (9) 


Wx 15 = 3.——jg5-—— = 18 tons, 


or W = 1:2 tons, 
Example 12.—In the last example, what distance apart must 


the supports be so that the beam may break by its own weight, 
the weight of a cubic inch of spruce being 0185 Ibs. ? 
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Let / = required span in inches, 
W = weight of the beam in pounds, 
Jf = moment of rupture in pounds. 


From equation (29), we get— 


2 Py 
Wea x OO eo OY 


Also W = 6x9xlx 0185 = l. 





Equating these two values of W, we get — 


m OK 
= Edad or / = 2,694 inches. 


When the length of the beam, therefore, is 224°5 feet it will 
break by its own weight. 

Example 13.—A square bar of cast iron, 3 inches by 3 inches, 
rests on two supports 60 inches apart. A weight of 3 tons is 
suspended from the centre of the bar. What additional weight 
suspended at one foot from the centre will break it? 


Let W = required weight in tons. 


The maximum bending moment takes place at the centre of 
the beam, and equals (45 + 9 W) inch-tons. 
The moment of resistance of the section of the bar is 


b= sel = 67'5 inch-tons, the modulus of rupture being 
taken at 15 tons per inch. 


Equating these two expressions, we have— 


9W + 45 = 67°5, 
or W = 2:5 tons. 


A weight of 2:5 tons, therefore (in addition to the central load 
of 3 tons), placed at 1 foot from the centre of the bar, will cause 
it to break at the centre. | 

Example 14.—-A round bar of cast iron is placed upon two 
supports 6 feet apart. A weight of 2 tons hung from a point 
2 feet 6 inches from one of the bearings is just sufficient to 
fracture it. What must be the diameter of the bar if the 
modulus of rupture = 20 tons per square inch ? 


Let r = radius of the section of bar. 
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From equation (8), 
M = -7854 fr’, 


The weakest part of the bar, or the point where the maximum 
bending moment occurs, is at the point of application of the 
weight. Az this point 


M = 35 inch-tons, 


consequently 
7854 fr8 == 35, 


7854 x 20 x 3 = 35, or r = 1:3 inches, 
which gives the diameter of the bar = 2:6 inches. 


Example 15.—A timber bridge crossing a rivulet 20 feet wide 
is supported by two main beams of ash 14 inches square. The 
dead weight of the bridge is 4 tons, What is the maximum safe 
concentrated load it would be advisable to roll across the centre 
of the bridge? 

The moment of rupture for ash is about 6 tons. One-sixth of 
this, or 1 ton, may be taken as a safe working load, so that if— 


W = breaking weight, then ud = required load, 


Dead load (distributed) on one beam = 2 tons. 


The breaking live load aad a W 


trated) on one beam 2° 


The maximum bending moment on the beam occurs at its 
centre when W rests on the centre of the bridge, in which case 


M = 60 + 30W, 


M being expressed in inch-tons. Moment of resistance of the 


beam 
“ as 2 ox (iy = 2,744 inch-tons, 
we get, therefore, 
60 + 30 W = 2,744, or W = 89-4 tons; 
and required safe load 


= li = 14-9 tons. 
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Example 16.—A hollow tube of mild steel, 12 inches external, 
and 11 inches internal diameter, is placed upon two supports 
15 feet apart. What weight placed at its centre will cause it 
to collapse, the tube being properly stiffened ! 

The ultimate strength of mild steel is about JO tons per 
square inch. 


f= 30, r= 6, r,=5°5, t= 180 inches. 


W =required breaking weight. 
The maximum bending moment is M=45 W inch-tons. 
Substituting this in equation (9) we have— 


45 W = ee {(6) — (5-5)#} = 1,496, 


or, W = 33°24 tons. 


The breaking weight may be found approximately from 
equation (10), by putting ¢=°5 inch, thus— 


45 W =3°1416 x 30 x (6)? x 5 = 1,696, 
or, W =37°7 tons. 


A result which is somewhat greater than that previously found. 

Example 17.—What must be the thickness of a wrought-iron 
tube, 12 inches external diameter, and properly stiffened, in order 
to carry with safety a load of 5 tons placed centrally between 
two supports 8 feet apart, the safe working load of the iron 
being taken at 4 tons per square inch ? 

Maximum bending moment, M = 120 inch-tons., 

From equation (10) we get— 

M _ 120 

afr S1416 x 4 x (6p 

Example 18.—A tube of cast iron, 9 inches square, outside 
measurement, and } inch thick, rests on two props 12 fect apart. 


What is the greatest distributed load it will carry, so that the 


maximum stress on the fibres may not exceed 2 tons per square 
inch 3 


¢ = 0-27 inch. 


d=9, d,=8 f=2, l=144, 
Let W = required distributed load in tons. 


Maximum bending moment, M = Aus =18 W. 
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Substituting this in equation (12), we obtain— 
t 2 
18 We 6 (dt t= gr gO) 
or, W = 5:07 tons. 


The result, as found by the approximate formula (12a), is— 
18 W=5 x 2x (92x h 


or, W = 6 tons. 


Example 19,—In the last example, if the tube be of wrought 
iron, what must be its thickness in order to support weights of 
4 tons and 6 tons placed at distances of 6 and 8 feet respectively 
from the left support, without producing a greater stress than 
5 tons to the square inch on the extreme fibres of the tube ! 


f=-6, d= 9, t= required thickness in inches. 

The maximum bending moment occurs at all sections between 
the points of application of the weights, and its value is M = 288 
inch-tons. 

From equation (12a)— 


~ £ ‘fat 
Substituting the above values, we get— 
3 288 
= 0°53 inch. 


~ 4 5 x (9)? 


Example 20.—A wrought-iron rivetted girder of H-section 
rests on two abutments placed 60 feet apart, and is uniformly 
loaded with ] ton per lineal foot, including the weight of the 
girder ; the sectional area of the top flange = 11] inches, and that 
of the bottom 9 inches net. What is the stress per square inch 
on the flanges, if the depth of the girder = 10 feet? 


W = 60 tons, i= 60 feet, d= 10 feet. 
If 8 = total stress on either flange, from equation (19), we find— 





60 x 60 
S= ex i074 tons, 
Stress per square inch on top flange = <0 = 4°1 tons. 


1] 


Stress per square inch on bottom flange = ° = 5 tons. 
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Example 21.—A steel solid-web girder, 50 feet span and 5 feet 
deep, supports a distributed load of 2 ton per foot and two con- 
centrated loads of 5 tons each, placed at a distance of 5 feet at 
each side of the centre. Determine the maximum stress on the 
flanges, and state convenient sections for the top and bottom 
flanges, if they are exposed to stresses of 6 tons and 7 tons 
respectively. 

The maximum bending moment occurs at the centre of the 


girder. 


Bending moment at the centre for) _ 5a,. ; 
the distributed load rainy He SORT we nD 
Bending moment at the centre for ~ 100-0 


the concentrated loads 
Total bending moment at the centre =334:375 ‘5 
: 334°375 
Flange stress at the centre of girder =----;-— = 66°87 tons, 


Gross section of top flange at centre 66°87 
of girder } Sa 14 sq. ins, 


Net section of bottom flange tt _ 96°87 


centre of girder oa 9°55 sq. ins. 


The following sections may be used— 





l plate, . ‘ 12x4= 6 sq. ins, 
_— of 
Top flange, . 2angles, . . 3x3xh= 55 is 
" Total area of flange, . 11:5 ,, 
1 plate, . » %1Qx P= 675 ,, 
2angles, . . &8x3x4= G5 ,, 
Bottom flange, . 12:25 5 


Allowance for rivet-holes, 2°625 ,, 





9°625 ,, 


These sections of flanges should occur for at least 15 feet at 
the centre of the girder. If great economy be desired, the flange 
plates for the remainder of the girder may be made 5," or 3" in 
thickness. Practically, however, there is not much gained by 
this, and in girders of this section it will generally be found 

12 
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advisable to continue the thicker section of plate to the ends of 
the girder. Theoretically the flanges for a considerable distance 
towards the ends would be strong enough with the angles alone 
without any plate, but a girder of this kind looks unfinished, 
and is deficient in lateral stiffuess, and for other reasons it is 
not advisable to dispense with the plate. 

The maximum shearing stress on the web occurs at the edge 
of each abutment, and = 23°75 tons. 

If the maximum shearing stress per square inch of gross 
sectional area be taken at 3 tons, the section of the web at the 
abutments theoretically should be — = 8 square inches, and 
as the depth of the web=60 inches, its thickness would be 


= = ‘133 inch, In solid plate web girders the thickness of 
the web, however, is seldom taken less than ,5, inch. If less 
than this, it would have comparatively little stiffness, and would 
be liable to bulge with compressive stresses. Even at this and 
greater thickness, it will be found necessary to introduce vertical 
stiffeners to keep the web straight and to give lateral rigidity to 
the girder. Another objection to using thin webs is that in the 
course of time their strength is materially affected by corrosion. 

Lxample 22.—In the last example, with the sections of flanges 
given, what extra weight placed at the centre of the girder will 
break it, the ultimate tensile strength of the steel being 32 tons, 
and its ultimate compressive strength being 28 tons per square 
inch } 

The top flange will be crushed with a total stress of 11:5 x 28 
== 322 tons. 

The bottom flange will be torn with a total stress of 9-625 x 32 
= 308 tons. 

The bottom flange theoretically will, therefore, fail before the 
top one and when the stress at the centre = 308 tons. 

We have seen in the last example that the distributed load 
and two concentrated loads produce a stress of 66°87 tons at the 
centre of each flange. The question, therefore, resolves itself 
into this--What weight placed on the centre of the girder will 
prose? a flange stress at the centre equal to 308 ~ 66-3 = 241-2 
tons 

Let W =required weight in tons. 

From the well-known equation (18), we get— 


4a8 4x 5 x 241°2 
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Example 23.—A railway bridge, 150 feet span, carrying a 
double line of rails, is supported by two main wrought-iron 
lattice girders 15 feet deep. Ifthe dead weight of the structure 
between the abutments = 400 tons and the weight of each train 
of carriages = 14 tons per foot, what must be the sections of the 
booms of the girders at their centres, allowing a factor of safety 
of 4 for the dead load and 5 for the live load, the ultimate 
strength of the iron being 20 tons per square inch ? 


Total dead load on one girder = 200 tons distributed, 
Total live load on one girder = 225 tons distributed. 


Let S and 8, represent the flange stresses produced by these 
loads respectively at the centre of the girder. 


200 x 150 
St a ce D5 
Ss 85 [5 0 tons, 
995 x 150 
S\=- geis = 281 tons. 
9% 


The dead load requires “=- = 50 square inches of sectional 


= 


area at the centre of the flange. 


The live load requires = = 70°25 square inches. 


The total sectional area of each flange, therefore, at the centre 
of the girder must be 120-25 square inches. 

If the stress be computed on the net sectional area of the 
flange, the section of boom given in fig. 83 would be a suitable 
one for this girder. It will be noticed 


that it is arranged for a box girder, the 
vertical plates being for the purpose of 
connecting the lattice bars to the booms. 
A 


It must be understood that the 15 feet 
aie as the depth of the girder means the  _R®._-.. 4... eT 
istance between the centres of gravity of “r 0° f° “tt 7 
the sections of the booms, the actual depth Fig. 83. 
of the girder being somewhat more than this. 
The net section of the boom may be computed as follows :-— 
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6 horizontal plates 32” x 4” = 4 8q. Ins. 
2 vertical plates 18" x 3” = . 
4 angles 4” x 4” x 3” = 18: 4 ,, 


141-4 total gross area. 
Allow for 1” rivet-holes, 18-0 


el 


123-4 total net area. 


This allows a slight margin in excess of the area required. 


RouLED GIRDERS. 


Rolled girders are made of wrought iron and also of mild steel; 
those made of the latter material being much stronger and not 
much more costly, are coming very much into fuvour. 

In the Table (XXV., p. 186) the ultimate tensile strength of 
the wrought iron is assumed to be 20 tons per square inch, and 
that of the steel 30 tons. The moment of inertia given is that 
taken with respect to a horizontal axis passing through the 
centre of gravity of the section, and as the top and bottom 
flanges are equal, this point will be in the centre of the web. 

In order to explain the Table, we will go through the process 
of calculating the moments of inertia and resistance, and the 
breaking weight for No. 1 section. 

The formula for the moment of inertia of a H-section with 
equal flanges with respect to an axis passing through its centre 
of gravity and = to the flanges is (see Chap. 1X.)— 


I = = 75 5 (oa (b- b,) d,*}. 
Applying this to the pales under consideration we have 


d = 20, d, = 18°06, 
b= 8:26, b, = 76, 
go that 


T=. 18-26 (20)*— 7-5 (18-06)"} = 1825'1 inch-units. 


1 
Next, to find the moment of resistance of the section (x). 
This is found from the general equation w = 4 x I; and as 


h=10, 1=1,825, f = 20 and 30 tons for ee iron and steel 
respectively, by ‘substituting these valves, we get— 
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D) 
& (for wrought iron) => x 1,825 = 3,650 inch-tons, 


& (for steel) = es x 1,825 = 5,475 inch-tons. 


Lastly, to find the breaking load on a girder of 1 foot spar. 
If W =required breaking load in tons distributed, the maximum 
bending moment of the girder is— 


M = a = = : W inch-tons, 


and as M=y, we obtain— 


: W = 3,650, or W = 2,433 tons for iron, 


3 


9 W = 5,475, or W = 3,650 tons for steel. 


Knowing the breaking load for a span of one foot, the breaking 
load for any other span may be found by dividing the former 
load by the span in fect. 

For example, the breaking load of the girder under considera- 
tion for a span of 20 feet is— 


: 2433 ; 
Breaking load in tons = zoe = 121-6 tons for iron girder. 


3650 
“9 99 ca 20 


— 
— 





= 182-5 tons for steei girder. 


If the ends of the girders be fixed by being built into a wall 
or otherwise, their strengths will be greater than those given by 
the table. The amount of extra strength imparted to them by 
thus fixing their ends altogether depends on the efficacy with 
which it is done. If the ends be firmly fixed, their strengths 
will be theoretically doubled, az shown in the chapter on bending 
moments. Practically, however, this is rarely the case; the 
ratio, as found by experiment, between beams with fixed and 
unfixed ends, is not often more than 3 to 2, and this is only 
when the fixing is properly done. With independent girders 
(as used in warehouses for supporting walls and floors), it is 
always best to ignore this addition of strength, and to consider 
them as if their ends were entirely free. 


383. INTERNAL STRESSES IN BEAMS. 


The allowance usually made for the load on floors is— 


Dwelling-houses, . - 1} cwts. per square foot. 
Public buildings, . ‘ % 99 
‘Warehouses, : . WBtod3 ,, i 


Example 24.—It is required to construct a floor to a ware- 
house to be carried by steel-rolled girders. The span between. 
the side walls is 20 feet; the main girders are to rest on these 
walls and to be placed 10 feet apart. On these girders are to 
rest smaller girders running transversely with them and placed 
3 feet apart; on these latter a 4” timber floor is Jaid. The 
greatest live load estimated to come on the floor is 3 cwts. per 
square foot distributed over its surface. Determine suitable 
sections for the girders. 


Loap oN OxE Main GIRDER. 
20x 10x4 


4" timber planking, . onan ames 40 lbs. = 1°2 tons, 
Estimated weight of steel in girders > = t- y, 
Live load, , ; . 20~10x3 cwt.=300 ,, 

Total Joad, ‘ : : . 32°6—-say 33 tons. 


The working load on each main girder is, therefore, 33 tons. 

The breaking load = 4 x 33 = 132 tons. 

The breaking load for a span of 1 foot = 132 x 20 = 2,640 tons. 

Referring to the Table we find the nearest section which 
corresponds with this is No. 2, or a steel] joist 18” x 7”. 

Next consider the cross-beams :— 


Loap ox Ong Cross-Beam. 


4" timber planking, . a x 40 lbs. =0'18 tons. 


Estimated weight of beam, ; ; . =O1 ,, 
Live load, . ‘ . » 1Ox38x3cwta=4'5 ,, 


D oniammemenmbel 


Total load, : ‘ ; : 4‘78~—say 6 tons, 


The breaking load on cross-girder = 5 x 4 = 20 tons. 

The breaking load for a span of 1 foot = 20 x 10 = 200 tons. 

By referring to the Table we find a suitable girder ia No. 11, 
which weighs 16 lbs. per foot. 
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If the cross-girders be continuous over two or more spans their 
strength is increased in the proportion explained in the chapter 
on Bending moments (see Arts. 96 to 98). 

Example 25.—A rolled iron girder of No. 3 section rests on 
two abutments 15 feet apart. Determine (1) what weight placed 
at the centre will break it; (2) what weight placed 5 feet from 
one abutment will break it. 

(1) From the Table it is seen that the distributed breaking 

1218 


weight in tons = os aa 81:2 tong. 


2 
The central weight, therefore, =" = 40-6 tons. 


(2) In the second case, the maximum bending moment occurs 
at the point of application of the weight. 

If W=required weight, the bending moment= = W foot- 
tons, or = 40 W inch-tons. This must be equal to the moment 
of resistance of the section, or 


40 W=1,827, W = 45-675 tons. 


Example 26.—In the last example, if two weights of 10 and 15 
tons be placed on the girder at two points 18 inches at each side 
of the centre, what is the maximum tensile or compressive stress 
per square inch on the fibres ? 

The maximum bending moment occurs at the point of applica- 
tion of the 15 tons, and is equal to 78 foot-tons, or 936 inch-tons, 


If /= stress in tons per square inch on the flanges, 
h =half the depth of girder =8 inches, 
T= moment of inertia of section = 731. 


Then from equation ua x I we get, by putting «4 = 936, 


936 x8 
f= “73]- = 10:24 tons. 


Example 27.—Two rolled-steel girders placed side by side, span 
an opening of 16 feet. They are required to support a brick 
wall 20 feet high and 17} inches in thickness. A cross-beam is 
also suspended from their centres, which imposes on them an 
extra weight of 10 tons. Determine a suitable section for the 
girders. 

The weight of a cubic foot of brickwork is about 100 lbs. 
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Total weight of brickwork = 20 x 16 x 1:45 x 100 lbs. = 20°7 tons, 
Estimated weight of girders between abutments= 1:3 __,, 


Total distributed load on two girders . = 92-0 s 


Each girder, therefore, is loaded with a distributed weight of 
11 tons, and a concentrated central weight of 5 tons. The 
maximum bending moment occurs at the centre of the girder, 
and is equal to 42 foot-tons, or 504 inch-tons. 

If the steel be strained to one-fourth of its breaking weight, 
the moment of resistance of the section must be equal to four 
times the maximum bending moment, or = 504 x 4 = 2,016. 

In looking down the column of the moments of resistance in 
the Table, we find that girders 4, 5, and 6 give results nearest 
to what is required, and as No. 4 or a 15" x 5” girder is the 
lightest, it is the most economical to use. Thus girder will give 
a margin of strength, as the estimated weight of the two girders, 
or 1:3 tons, is considerably in excess of their actual weight. 

If iron girders be used instead of steel, it will be necessary to 
use No. 2 section, which weighs 81-6 Ibs. per foot. 

If the girders have a bearing on each abutment of 15 inches, 
we have— 

Weight of steel girders = 37 x 50 = 1,850 lbs , 
Weight of iron girders = 37 x 81°6 = 3,019 Ibs. 


148. Approximate Method of Calculating the Strength of Rolled 
Girders.—The method of determining the strengths of rolled 
girders, which we have been considering, involves the determina- 
tion of their moments of inertia and resistance ; the calculation 
of these quantities is somewhat tedious, and where very great 
accuracy is not necessary, a shorter and much simpler rule may 
be adopted, which we will now proceed to explain. By this latter 
method the aid which the web supplies in resisting the horizontal 
stresses is left out of consideration, so that the strength of the 
girder as thus found is somewhat less than its real strength. 
This discrepancy is somewhat modified by taking as the effective 
depth of the girder its extreme depth over all, instead of the 
depth between the centres of gravity of the flanges. 


Let S = horizontal fiange-stress at any section of the girder, 
M = bending moment at the section, 
d= total depth of the girder. 


Then, in all cases, 


‘a’ 
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We have, therefore, the following approximate rule for deter- 
mining the flange-stress at any portion of a H-girder with a thin 
web. 


The flange-stress at any section of a rolled girder is equal to the 
bending moment at this section, divided by the depth of the girder. 
Applying this approximate rule to example 26, we have— 
M = 936, d= 16, 
ie 99E eee 
ae fe) = 16 = 98°D tous. 


And, as the sectional area of the flange=5 square inches, we 

Rae 

o8'd 
D 


get stress per square inch on flanges = ee 11-7 tons, instead of 


10-24 tons as previously found. 


Example 28,—What must be the distance between the supports 
so that the girder No. 5 in the Table will break by its own weight 
—(1) in steel ; (2) in iron? 


Let / = required span in feet. 


From the equation—- 
cee 
"8d? 
we get 
. _8ds 
= “We - 
(1) In the case of steel W =53/ lbs. Substituting this in the 
above equation, we get— Wie 
8 


Paes 


and as d = 14 inches = 1:16 feetand S = 4:75 x 30 = 142°5 tons, 
or 319,200 pounds, we obtain— 


8 x 1:16 x 319,200 


ne 53 ' 


or 1 = 237 feet. 


(2) In the case of iron W = 51-51 Ibs., d = 1°16 feet. 
§ = 4:75 x 20 = 950 tons = 212,800 lbs. 
I? ox 8 x 1:16 x 212,800 
51:5 : 
t= 196 feet. 
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TABLE XXV.—Srrenarus or Rotten Girprrs In Wrovent Inon 
AND STERL. 








; |4 ; 3 Moment of Distributed 
Weight per Breaking Load 
be te zie feat in ibe. es Resistance of | in Tons af 
= isles é ag Becsign of one foot. 
fe {&s] 26 rt 
Sig itisslesaiai a! i ¢ leis 
re = =a 45 ° S 
Ble lél2/2 (8) 28] s 2) 2]: 2 
1 120°0 | 8-26 |-76 ;-97 |29°67197°2)100 [1825 (3650 (5475 [2433 (3650 


2118-0 | 7-10 |-71 |-94 124-67/81-6| 84 |1208 {2673 /4010 11782 12673 
3116-0 | 6-06 |-64|-82/19°15162-7| 64-5] 731 [1827 [2740 |1218 [1827 
4115-0 | 5-06 |-50|-80/14:88148-6| 50 | 510 |1360 [2040 | 907 {1360 
5 (14-0 {5-87 1501-81 (15-76151°5!| 53 | 494 [1413 [2120 | 942 [1413 
6 \12-0 | 6-23 |-73}-87 118-45160°2]} 62 | 404 [1347 [2021 | 898 [1347 
7110-0 | 6-16 |-66|-70114-27146-7| 48 | 221-5 | 886 [1329 | 591 | 886 
8| $0 [3°75 \-50! 50| 7°74)25-31 26 | 89-0] 396 | 504 | 264 | 396 
9] 8-0 }4-02/-42]-56] 7-4 [24-3] 25 | 74-2] 871 | 556 | 247 | 371 
10| 7-0 | 3-70|-32]-46] 5°36)17°5] 18 | 42-4] 242 | 364 | 162 | 242 
11 | 6°25) 3-38 |-26|-50| 4-7615-°6| 16 | 31-2 | 200 | 209 | 133 | 200 
12] 6-0 | 3-09|-39]-50| 5-06)16°5| 17 | 27:5 | 184 | 275 | 122 | 184 
13| 5°0 | 4:35 |-35|-58) 6-39/20°9| 21-5] 26-4 | 211 | 317 | 141 | 211 
14] 4-0 13-23 }-48] 41] 4:16113°6] 14-0] 9°82! 98-2) 147 | 65-5} 98: 
15| 4-0 11-87 1-37|-35| 2:53] 8-3] 8-3} 55 | 54-81 82-21 36:5] 54:8 
16} 3°5 |2°84/-15)-30! 2°68, 8-7| 9:0] 5°71 65-1| 97-7| 30-3] 65-5 
17| 3°5 | 1-60 |-28|-30] 1°78! 5-8} 6-0} 3°04) 34°7| 52-1] 23-2) 34-7 
18} 3-0 | 2°09 |-30)40{ 3-051 9°9| 10-2} 4-34) 57-51 86-81 383) 57°8 
19} 3-0 | 149] 40/-25] 1-75) 5-8] 6-0} 1-94] 25-8] 38-8) 17-2) 25-0 
20| 3-0 | 1-30 |-21|-25 mn 3°91 4:0, 1°52] 20°3| 30-41 13-5] 203 
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CHAPTER XI. 
COLUMNS AND LONG STRUTS. 


149. Definition.—Oolumns or struts are members of a structure, 
which are exposed to direct compressive stresses acting in the 
direction of their lengths. They may be employed in isolated 
positions, without being connected to other members of the 
structure, as in the case of ordinary columns supporting the 
floor of a warchouse, or they may form parts of a braced struc- 
ture, as, for example, the struts of a lattice girder. 

Theoretic Strength of Columns.—The laws which govern the 
strengths of columns may be investigated theoretically, on purely 
mathematical principles. This has been done very ably and 
exhaustively by Euler, Lagrange, Poisson, and others, and the 
results arrived at are very interesting as specimens of mathe- 
matical analysis, though it cannot be said that in all cases they 
are confirmed by actual experiments. 

This theoretic investigation is, to a large extent, founded on 
certain assumptions regarding the elasticity and other properties 
of materials which are true only to a limited extent. It, more- 
over, requires a knowledge on the part of the student of advanced 
mathematics which, in a treatise like the present, would be al- 
together out of place. For these reasons it will not be given 
here, and those who are desirous of studying it exhaustively 
are referred to Euler’s work or to Mr. Fidler’s Zreatise on 
Bridges. 

Practical Rules—Theoretical rules as applied to determine the 
strength of structures, though very valuable, are not to be relied 
upon unless they are confirmed by the tests of practical experi- 
ence. 

The rules for determining the strength of columns which will 
be given here are altogether empirical; and the experiments 
from which they are deduced have been very numerous and con- 
ducted with a great deal of care. 

It is to the late Mr. Hodgkinson that we are principally 
indebted for the knowledge we possess on the subject. LHe made 
exhaustive experiments on pillars of cast iron, wrought iron, 
stecl, and timber, of different lengths and sections, from which it 
appears that so far as the design of a colamn is concerned, its 
strength depends mainly on two considerations :— 
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Ist. On the proportion which the length of the column bears 
to its shortest diameter. 

2nd. Upon the form of, and the method of, fixing the ends. 

As regards the first consideration, columns may be divided 
into three classes, viz. :-— 


Short columns. 
Long columns. 
Medium columns. 


150. Short Columns are those which fail by the actual crush- 
ing of the material of which they are composed. The relative 
proportion of the length to the least diameter of columns belong- 
ing to this class varies with the nature of the material. When 
made of cast iron, this proportion should not be greater than 
four or five toone. For wrought iron and stee] the proportion 
may be somewhat greater, while for timber it may be as high as 
ten and even twelve to one. 


I. Cast-Iron Conumns., 


151. Long Columns —Mr. Hodgkinson applies the term “long 
column” to one (when made of cast iron) whose length is at least 
30 times its diameter, both ends being flat. If both ends be 
rounded the term will apply to those whose lengths are 15 
diameters and upwards. It is important to bear this distinction 
in mind, for, as will presently be seen, the form of the ends of 
a column has a great deal to do with its strength. 

Long columns, unlike short ones, do not fail by direct com- 
pression, their failure being produced by bending or cross fracture, 
in a manner very similar to beams acted upon by a transverse 
stress. The direct breaking weight of columns of this class is far 
less than the actual crushing strength of the material of which 
they are composed. Certain rules and formule have been given 
by Hodgkinson, Gordon, and others for determining their strength, 
which will be given later on. 

152. Columns of Medium Length.—Columns classified under 
this head are those in which the ratio of the length to the 
diameter is a mean between that which exists in short and long 
columns. All those with flat and square ends whose lengths are 
less than 30 and more than 5 diameters; and all with both ends 
rounded whose lengths are less than 15 diameters belong to this 
class. Columns of medium length fail partly by flexure and 
partly by crushing. 
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Experiments show that in long solid columns those with flat 
ends are approximately three times as strong as similar ones 
with rounded ends, and also that the strengths of those with 
discs cast on their ends are nearly the same as those of the 
same diameter with rounded ends but only half the length. 

The strength of solid cast-iron columns with one end rounded 
and the other flat is approximately a mean between those of the 
same length and diameter with both ends flat and those with 
both ends rounded, so that the strengths of these three classes 
are in the proportion 1:2: 3. 

These rules also apply 
whenthe materialiswrought GQ OWS 4 MMA 


iron, steel, or timber. 

Figs. 84, 85, and 86 re- 
present columns of these 
three classes whose lengths 
and diameters are the same. 
Their tendency to deflect 
will be in the manner shown. 


The breakin gs weight of wy SES REI EST 
85 is twice and of 86 three Figs. 84, 85, 86. 
times that of 84. 

153. Position of Fracture in Long Cast-Iron Columns.—-From 
his experiments on long columns, Mr. Hodgkinson found that 
when they were the same at both ends—that is, either when 
both ends were flat, or both ends rounded—fracture took place 
in the middle of the column or near to it. When one end was 
flat and the other rounded the column broke at some point near 
the rounded end, the piece broken off being always a little more 
than one-third of the whole length. 

In the case of round columns of solid section with similar ends 
and which always broke near the middle, their strengths (as was 
to be expected) were increased by increasing the diameter at the 
middle; the increase in strength being about one seventh more 
than in parallel columns of the same weight ; and being most 
marked in those with rounded ends. In the case of columns 
with discs cast on the ends, the increase of strength is not so 

reat. 
. The strength of a flat-ended column depends a good deal on 
the manner in which its ends are fixed. In ordinary practice 
such columns have discs cast on their ends, and if these discs 
are not quite level and square with its length, there is a tendency 
for the load to be transmitted diagonally or unequally along the 
¢olumn. In order to prevent this, it is usually the custom of 
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engineers in drawing up their specifications to direct that the 
bases and tops be faced in the lathe, and also that the stones 
or other foundations on which they rest be dressed off level. As 
an additional precaution, it is often specified that a sheet of lead 
or felt be inserted between the base of the column and the stone 
on which it rests. 

When these precautions are not adopted, liquid cement should 
be run in between the base and the top of the stone after the 
column has been fixed truly vertical in its place; by this means 
all crevices are filled up, and when the cement solidifies it 1s 
very hard and durable. Cases have come under the author's 
observation where large cast-iron columns carrying heavy loads 
have not only fractured the stones on which they rested, but also 
had their own bases cracked owing to unequal bedding. 

154. Rules for Determining the Strength of Long Cast-Iron 
Columns either Solid or Hollow, and Circular in Section.—I1n the 
elaborate theoretical researches of Euler, he proceeded on the 
assumption that the strength of a column was proportional to its 
power of resisting bending. He found that in long columns 
their strengths were directly proportional to the fourth power of 
their diameters and inversely to the squares of their lengths, so 
that if 

d = diameter of a solid column, 
(= length - ms 


4 
the strength will vary as . 


In the same way, if d,, d, be the external and internal 
diameters of a hollow column of length /, its strength will be 

4_ dA 

proportional to a “py a 
The correctness of this conclusion has not been established by 
the experiments of Hodgkinson, He found that with long cast- 
iron columns whose ends were flat and well bedded, their 
‘strengths varied directly as the 3-5th power of their diameter, and 

inversely as the 1-63rd power of their lengths, 


Let W = breaking weight of the column in tons, 
i= length of the column in feet, 
d= diameter . inches, 
om =a cocflicicnt which varies with the quality of the iron, 
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Hodgkinson’s formula for long columns of solid cylindrical 
section is— 
q35 
W =M. [ics e . e (i \. 


For hollow cylindrical columns whose external and internal 
diameters are d, and d, respectively— 


35 — q.35 
W=m-- ji G@- sl (2). 





From a number of experiments on columns made of 13 
different kinds of cast iron, the mean values of m were found to 
be as follows :— 


(1) For solid columns with flat ends, . - m=44'16. 
(2) For solid columns with rounded ends, . m=14 9. 
(3) For hollow columns with flat ends, » m=44°34, 


(4) For hollow columns with rounded ends, . m=13°00. 
Substituting these values of m in equations (1) and (2) we get 
the following :— 


For solid columns with flat ends, . W=44:16 ee ; ‘ (3). 


35 
For solid columns with rounded ends, W=14 9 — é ‘ (4.) 


G35 — do%5 
For hollow columns with flat ends, . W=44°34 jie 7° (5). 


d 35 — dg35 


jis s (6). 





For hollow columns with rounded ends, W = 13 


It must be borne in mind that equations (1) and (2) apply not 
only to columns with flat ends whose lengths exceed 30 diameters, 
but also to columns with rounded ends whose lengths exceed 
15 diameters. 


TABLE XXVI.—TuHE 3°5rH POWER OF 


1s = 1:00 
12573 = 2°18 
1555 = 4:13 
17575 = 7°09 
oOo: 2113] 
2-195 =13'42 
2205 =15°79 


2°2555 = 17-09 


2385 = 18°45 
27455 =2)°42 
2555 =24°70 
2695 =238°34 
2°7535 = 34°49 
2835 +3673 
295 =41°53 
3085 =46°76 
3155 =52°45 
3°235 = 5862 
3°25' 5 = 61°88 
3°35 = 65°28 
3°435 =72-47 
3i85 = 80-21 


3675 = 88-52 


COLUMNS AND LONG 


3735 = 97°43 
3°75°5 = 10212 
3875 =106°06 
395 =117:15 
4°0°> =128-00 
£195 = 13955 
4-235 =151°83 
4°25°5 =158°26 


4°375 =164'87 
4-435 —178°68 
4535 =198°30 
4635 =208'76 


4°735 =225'08 
4°7536 = 233 '58 
4-835 =242°29 
4975 = 260°43 
5-075 =279°51 
5185 = 299°57 
5°235 =320°63 


52575 = 331'56 
5335 = 342°74 
5485 = 365-91 


5535 =390°18 


STRUTS. 


5635 = 415°58 
5785 = 442°14 
5°7535 = 455°87 
5:85 = 469-89 
5995 = 498°86 
6O5 = 529°09 
6-155 = §60°60 
6235 = 593-43 
62555 = 610°35 
6335 = 627°61 
6455 = 663°18 
6535 = 70016 
6°65 = 738°59 
6-735 = 77851 
67555 = 799-03 
6-895 = 819-04 
6955 = 862'92 
7O5 = 907'49 
7185 = 953°68 
725 =1001'53 
7 259% = 1026 08 
7°35 =1051°07 


7495 =1102°33 


THE DIAMETERS, OR a*5, 


7°5?5 =1155'35 
75 =1210°17 
7735 =1266'83 
7°75° 5 = 1295°85 
7835) =1325°35 
7°85 =1385°78 
8035 = 1448°15 
82575 = 1612°83 
8555 = 1790°47 
8°7535 = 1981°66 
9035 = 218700 
9:2555 = 2407°11 | 
9535 = 2642°6] 
9°753'5 = 289412 
10°75 =3162-28 
10°255 = 3447-73 
10535 =3751'13 
10°7535 = 407314 
11-085 =4414'43 
11-2535 = 4775-66 
1188) = 5157°54 
11-7585 = 5560-74 
12035 =5985'96 
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TABLE XXVII.—Tue 1‘63rp powER oF THE LENGTHS, OR [)'6, 





1°00 726 = 23°85 13'@= 65°42 19i° = 121°44 
OES ee S709 8! & = 29°65 1436 = 73°82 20! & = 13203 
256 = 4°45 9} '63 = 35-92 15163 = 82°61 21'S x 142-06 
316 = §°99 10! 6 = 42-66 16° = 91°77 22) 63 = 154-22 


I 


4163 9°58 1] 8 = 49-83 17} 83 = 101-30 23% —165°81 
53 = 13°78 121°68 = 57-42 181 63 = 111-20 24°83 = 177-72 


618 -18°55 


| 

Example 1.—What is the breaking weight of a solid cylin. 
drical column of cast iron whose length is 20 feet and diamete 
6 inches ; the ends being flat and well bedded? 

From equation (3) we get, by substitution, 
OFF. 4 529-09 
90163 = 44:16 x 132-03 176°9 tons. 

Example 2.—A hollow cylindrical cast-iron pillar is 24 fee 
long, and its external and internal diameters are 9 inches anc 
7 inches respectively. Calculate its breaking weight, its end 
being flat and well bedded. 

From equation (5) 

935 735 2187 — 907-49 

34163 = 44°34 x irA = 319-4 tons. 

Hodgkinson’s formule are not well adapted for determinin; 
the strengths of pillars unless we have a table of 3-dth anc 
1-63rd powers. In case such a table is not at hand it will bi 
necessary to have recourse to a table of logarithms. 

In equation (1), if Wand / be known d may be found, or i 
W and d be known / may be found. 

By transposing the members of the equation we get— 


W = 44°16 x 


W = 44°34 x 





1168 sop tes 
B5=W.*—, ord= f w.—. 
m m 
From which we get a 
icgdae WwW +i ae ~ log m 


13 
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By means of this equation the diameter of a solid cylindrical 
column may be found when its breaking weight and length are 
known. In the same way it may be shown that 


18 f q@3s5— 
d fm Ww 


log m + 3-5 log d — log W 8) 
nearer germane: ey. Wo) 
which gives an expression for the length of a solid cylindrical 
pillar whose breaking weight and diameter are known. 

Example 3.—What will be the diameter of a solid cylindrical 
cast-iron pillar 10 feet long whose breaking weight is 40 tons, 
the ends being flat 1 


W = 40, log W = 1:6020. 
t= 10. log 10=1. 
m= 44°16, log m = 1°6450. 


or 


log? = 


Substituting these values in equation (7) we obtain— 
log 40 + 1:63 log 10 — log 44-16 
3°D 
1-6020 + 1:63 — 16450 
3°5 
.*. d= 2°8 inches. 


log a = 


= 0:4534 





Example 4.——A solid cast-iron cylindrical pillar with both ends 
rounded, and whose diameter is 3 inches, fails with a load of 
54 tons. What is its length? 


W =9'5 tons. log 5:5 =0°7403. 
d= 3. log 3. =0°-4771. 
m = 14:9. log 14°9 =1:1732. 
By substitution in equation (8) we get— 
log 14-9 + 3-5 log 3—log 5:5 _ 


log Um. 2 


1°63 
.', €= 19-5 feet. 
The external and internal diameters and also the lengths of 


1:2536 ; 
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hollow cylindrical columns may be found by transposing the 
members of equation (2). Thus— 


11°63 [1V63\ 55 
d,* 3 = d,> b + W a or d, = (a + W ge -) ° (9). 
S a0 7% 


i 
o 2163 [1 63\ 35 
df8=d,25—W —, ordy= (a _W —-) . (10). 
1 
11°03 ee (2,3 — 4,33), or l= ' id (35 — d,3°) \ 16 a4), 


The vatues of d,, ¢,, and 2 may be found from equations (9), 
(10), and (11) with the aid of a table of logarithms. 

155. Strength of Columns of Medium Length.—A column of 
medium length, as has been explained, is one whose Jength 
varies between 5 and 30 times its diameter when applied to 
those with flat ends. Columns of this class fail partly by crush- 
ing and partly by bending, and the formule given for long 
columns do not apply to them. Mr. Hodgkinson has, from his 
experiments, deduced the following formula for the strength of 
medium pillars :-— 

We 
fee es 9 
bl tase carer ; (12). 


Where W, = breaking weight of the medium column in tons, 
W = breaking weight in tons as calculated from equa- 
tions (1) or (2), 
e=scctional area of the columns multiphed by the 
crushing weight of the material. 


Example 5.—What is the breaking weight of a solid column 
of cast iron 10 feet long and 74 inches in diameter, the ends 
being flat and well bedded, and the crushing strength of the irun 
being 40 tons per square inch. 

From equation (3) we get— 


(7°5)85 4 yg, 1155-35 
“yqies = 4418 x 
This would be the breaking weight on the assumption that 


the column failed by flexure alone. Sectional area of column 
= 44°17 square inches, hence— 


c= 44:17 x 40=1766'8 tons, 


W = 44-16 





= 1,196 tons. 
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By substitution in equation (12) we get— 
W.= 1196 x 1766-8 
1" 1196 + 1325 


which is the required breaking weight. 


156. Safe Working Load on Cast-iron Columns.—The factor of 
safety to be used for columns cannot be fixed on any hard and 
fast lines as a number of considerations have to be taken into 
account. Generally speaking, for those made of cast iron and 
exposed to steady loads, 3th of the breaking weight may be con- 
sidered as a safe working load, provided that proper precautions 
be taken to make the column bed properly, but even then it is 
not often advisable to load them to a greater extent than th 
of their breaking load. 

If the columns be exposed to loads of a vibratory character 
the margin of safety should be still greater, varying from ,',th 
to .1,th of the breaking weight. We have, therefore, the follow- 
ing rules for the factor of safety for cast-iron columns :— 

Ist. For steady loads the factor of safety should vary from 
6 to 10. 

2nd. For vibratory loads it should vary from 12 to 20. 

Example 6.—What is the safe stationary load which may be 
applied in practice to a hollow cast-iron column (of the same 
quality of iron as in example 4 12 feet long, the external dia- 
meter being 8 inches and the thickness of metal being 1 inch, 
and the ends well bedded ? 


d, =8 inches, d, = 6 inches, t= 12 feet. 
From equation (5) we get— 
835 _ 635 1448-15 — 529-09 


= 838 tons, 





W = 44:34 x ~ pyres” = 44°94 x 5745 = 709 tons. 
Sectional area of column = 22 square inches, 
e= 22 x 40 = 880 tons. 
; ; 709 x 880 
The breaking weight W, = 09 1 660" 456 tons. 


The safe load in ordinary practice may be taken as 1j,th of this 
or 45°6 tons. 

157, Proportions of Hollow Cast-iron Columns.—- There is no 
rule to guide us in determining the best proportions between 
the lengths and diameters of columns; several considerations 
have to be taken into account in fixing this. The relative pro- 
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portion depends mainly on the load which has to be carried. 
It depends also on the space which the column takes up. 
Plenty of room ina building is often a great desideratum, and 
when so, the smaller the diameter the better. There is also 
the question of appearance and the harmony produced by com- 
paring the column with its surroundings. 

It is not often that the length is made more than 30 times the 
diameter. For warehouses and buildings in general, the length 
varies between 12 and 25 times the diameter. Columns for 
supporting bridges and other heavy structures are often of a 
much larger proportionate diameter, it sometimes being as much 
as one-sixth of the length. 

As regards the thickness of metal in hollow columns a recog- 
nised practical rule is that in no case should the thickness be 
made less than one-twelfth of the diameter. It may vary be- 
tween this and one-sixth. 

General Morin recommends the following rules :-— 


For columns from 7 to 10 feet long the maximum thickness should be ‘5 in. 


in 10 to 13 . os ‘6 in. 
3% 13 to 20 Al 99 99 8 in. 
99 20 to 27 3 93 $9 1:0 in. 


The old foundry practice, and which is even now very largely 
followed, is to cast pillars in a horizontal position. There are 
objections to this, as it is not often easy to keep the core central, 
which leads to the fault of getting the metal thicker on one side 
than the other. When this happens unequal strains are produced 
in the body of the casting as it cools, and this has a tendency to 
make the column crooked and may even produce fracture. 

The modern practice, and much the better one, is to cast the 
column vertically in the sand with a head of metal. By doing 
this the uniformity in the thickness of the metal is better pre- 
served, while the pressure from the head of metal tends to drive 
out air and gas bubbles which make the casting honeycombed. 

Mr. Hodgkinson remarks that ‘(In experiments upon hollow 
pillars it is frequently found that the metal on one side is much 
thinner than on the other; but this does not produce so great a 
diminution in the strength as might be expected, for the thinner 
part of the casting is much harder than the thicker, and this 
usually becomes the compressed side.” 

It is a common practice for inspectors of ironwork to have 
small holes drilled at different portions of the column, so that 
its thickness may be gauged. If the thickness at any portion 
be as much as 25 per cent. less than that specified the casting 
should be rejected. 


198 COLUMNS AND LONG STRUTS. 


158. Columns of + and H-Sections.—The most common form for 
columns made of cast iron is that of a hollow cylinder, but those 
of the -++ and H-sections are also much used. The H-section is 
often employed in mills and other works, not because of its 
appearance or strength, but fur the reason that its shape readily 
lends itself for the fixing of brackets for shafting, &e. An 
advantage which both this and the cruciform section possess 
over the hollow cylinder is, that if any defects occur in the 
casting they are more easily discovered. Columns of these 
sections, for the same weight, are not nearly so strong as hollow 
cylindrical ones, so that from this point of view they are not 80 
economical as the latter. 

Their relative strengths are as follows :— 


Hollow cylindrical column, . : . 100 
H-shaped ‘ ; ‘ » 75 
-}--shaped i é ; . 44 


The relative strengths of long solid pillars of round, square, 
and triangular sections, the columns being of the same weight 
and length, are :— 


Long solid round columns, . ; . 100 
43 square ‘3 : : . 93 
” triangular ,, : , . 110 


159. Gordon’s Rules for Columns.—The various formule given 
by Mr. Hodgkinson, though very valuable and reliable, cannot 
be suid to be in a form easily adupted for calculations, and for 
this reason will never become popular with the engineer. 
As has been already explained, they require the aid of a table of 
lovarithms, which is not always at hand; besides, it makes cal- 
culations a Jaborious maticr. For this reason several attempts 
have been made to embody these rules in forms more convenient 
for calculation. This has been done most successfully by Mr. 
Lewis Gordon, whose formula we will now give. 


Let P= breaking load of a column in tong, 
S = number of square inches of sectional area of column, 
r=ratio of length to least diameter, 


J and a=constants which depend on the material and tho 
section of the column ; 
5 


| I 
then P = i+ a e ° e * (13), 
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fer columns with both ends flat and fixed; 





S 
P = ele ° ° e Cy 
and lctae (14), 
for columns rounded or jointed at ends. 
The values of the constants are :— 
For round, solid, or hollow cast-iron columns, 


1 

J = 36 tons, a= 7593 

For solid and hollow rectangular columns, 
] 

fe 36 tons, a= 5OU 


The student will find it a profitable exercise to calculate the 
strengths of diflerent columns, both by Hodgkinson’s and Gordon’s 
rules, and see how far the results agree. 

Example 7.—Find by Gordon’s rule the breaking weight of 
the column in example (1). 


S =area of section = 28°27 square inches, 


240 
r= ae iis = 40. 


Substituting these values in equation (13), and putting for 
J and a their proper values, we get— 
92. 
0x 2827 _ 203-5 tons. 
1+ (40)? 
400 
The breaking weight according to Hodgkinson’s rule is 
177 tons, which shows a considerable discrepancy. 
If the ends are imperfectly fixed, we get from Gordon’s 
formula (14)— 
_ 36x 28-27 
ree 
* "Tou 


= §9°8 tons. 


From Hodgkinson’s rule— ; 
5 
Breaking weight = 14-9 x sare = 59°7 tons. 


These results agree very nearly. 
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Example 8.—Apply Gordon’s formula to determine the breaking 
weight of the column given in example 2. 


S= ; {(9)? — (7)®} = 25°13 square inches. 
288 


7= o> = 32. 
From equation (13)— 
P= ae = 254 tons, 
1+ "700 


as against 319 tons as found by Hodgkinson’s rule. 
Example 9.—Apply Gordon’s formula to find the diameter of 
the pillar given in example 3. 
Let d= required diameter, 
Then S = ‘7854 d?, rae 
P = 40. 
Substituting in equation (13) we get— 
Fi iat cca ae 
_ (120)? — d?+36° 
* 400 a? 
28:27d4 — 40d? ~ 1,440 = 0. 





Solving this quadratic equation, we get— 
vy? = 7-9 inches, 
r= 2‘81 inches, 


which agrees very nearly with the diameter as found by 
Hodgkinson’s rule. 

Example 10.—Find the length of the pillar in example 4 by 
the aid of Gordon’s rule. 


Let /= required length, d = diameter, 
Substituting in equation (14) we get— 


pa _/8_ 
hte. 


ad? 
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From this equation, solving for J, we find— 


_¢ [78-2 
“2 Pa ° 
Putting d= 3, S=°'7854 x 9= 7-068, 

P=5'5, /f=36, a 


' 


ae 
~~ 400’ 
we get /= 201-9 inches= 16°8 fect, 
as against 19-5 feet, as found by Hodgkinson’s rule. 
Example 11.— What is the breaking weight of a solid cast-iron 


pillar, 12 feet long and 4 inches square; the ends being securely 
fixed } 


Applying equation (13) we have the following values :— 
1 144 








S= 36. S=16. *=500" r= y= 36. 
Hence, by substitution, we get— 
P= ve ygye 1004 tons, 
+500 
If the pillar have rounded ends 
pos ae = 50°6 tons. 
144x (36)? 
re * "500 


Example 12.—What is the breaking weight of a solid rect 
angular cast-iron pillar 10 feet long, its section being 3 inches 
by 2 inches, and ends fixed ! 





: 120 
In this case S=3 x 2=6. r= ~— = 60. 
36x6 4, 
Pe (60 26:3 tons. 
* "500 


Example 13.—A solid cast-iron pillar of rectangular section 
4 inches by 3 inches, breaks with a weight of 60 tons when it 
ends are properly fixed ; determine its length. 


Let [= required length ; if d= least diameter, r= 7 
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From equation (13) we obtain— 


fS-P 
tad 5-¥ 
. 1 
Putting d=3, S=4x3=12, P=60, f= 36, a= Ho we get— 
Z=167-1 inches=13°9 feet. 


TABLE XXVIIL—Breaxine Wetunt ry Tons PER SQUARE INCH OF 
Sonip oR Hottow Cast-Iron CoLumns, THE ENDS BEING SECURELY 
FIXED, 


Breaking Breaking | 








Lensth | wWeivht in Yons| Weight in Tons | Leveth Werzht in tons Weight in fons 
Colum | BERSQIE | PE LeaEmE Colton | Deu | pe unre 
HopoKrnson. Gorpox. diameters) Hopgxmson. Gorpox. 
ins 33°9 | 19 20°1 19-0 
oe 330 8} «20 19°1 18-0 
ry 32'0 2) 18 2 171 
“ai 31°0 22 \7°4 16'3 
oe 30°0 23 165 15°5 
33 1 28 8 24 157 14:6 
313 276 25 15°] 14°] 
29°6 26°5 26 14% 13°4 
28'0 25°3 27 13°9 12°8 
26°5 24°2 28 13°2 12°) 
23'0 23°0 29 12°5 116 
23°7 22:0 30 118 11-0 


22°5 20°9 33 10°0 9°7 
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Example 14.—What must be the section of a square column, 
15 feet long, so as just to fail with a load of 100 tons; its ends 
being fixed } 


If d=side of the square and /=length, from equation (13) we 
get— 


or fd*-Pd?-Palt=0, 


d4 
-aiak 
By substituting for /, P, a, and J, their proper values, we get— 


36 d4 - 100 d? — 6,480 =0, 
d?= 14:88, 
d = 3-86 inches. 


160. Rankine’s Rules for the Strength of Columns.—The late 
Professor Rankine has given rules for calculating the strengths 
of columns and struts which are expressed in terms of the least 
radius of gyration of the section; these rules are of the greatest 
importance, and the following is a summary taken from his 


Useful Rules and Tables :— 


Let P = breaking load of the column, 
S = sectional area 
¢ = length i - 
yr = least radius of gyration of its cross-section, 

f and c = cocflicients whose value depends on the nature of 
the material. 


99 >} 


lst. For a column fixed at both ends 


or rn 0C) > 


= ~~ 4 pe * a * (1 6). 


Srd. For a column with one end fixed and the other rounded 
or jointed 


v= {eB . e « (17). 
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The following are the values of the constants f and ¢ :— 


Ybs. por square inch. c 
Castiron, . « «80,000 3.200 
Wrought iron, ; . 36,000 36,000 


Dry timber, .  . . ~~ 7,200 2,000 


Definition.—The square of the radius of gyration of a surface 
about a given axis is equal to the moment of inertia of the 
surface about the axis divided by its area. 


Let r = radius of gyration of the surface, 
I = moment of inertia __,, 6 


A = area of the surface. 
Then— 


TABLE XXIX.—Va.Lves or r? ror DIFFERENT Forms oF 
Cross-SEcTION. 





; ant 
Fors oF SEcrIox. aS 
: : }3 
Solid square side = b, , . ea = 
2 
Solid rectangle least side =a, . : ? 3 : 5 
Hackanmolad eel breathe band by Acvthe@ aids. to 
ectangular cell bre 8 band 0, depths d and c),. 12(ba- bd) 
. i? + b,? 
Square cell sides 6 and 0, . o 8 6 . -% aes ae 
Solid cylinder diameter=d, . ‘ ; ; c 
2 
Hollow cylinder diameters d and d,, : ri ‘: e +e ' 
Angle iron of equal ribs, breadth of each = b, . . . 
: . L2 p32 
Angle iron of unequal ribs, greater = }, lesa =h, . ON) 





II. Wrovant-Iron Cotumns AND Strourts. 


Columns made of wrought iron are much more reliable than 
those made of cast iron. All risk of flaws, blow-holes, shifting 
of cores, and irregularity in section are avoided; and they possess 
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the further advantage (which is a very important one when used 
in buildings) of being better able to resist the attacks of fire. 
The rules which regulate their strength are very similar to 
those which apply to cast-iron columns. 
161. Wrought-iron Columns of Solid Section.—The strength of 
solid rectangular columns may be found from Gordon’s formule 
by giving to the constants fand a the following values :— 


1 
J= 16 tons, a= 3,000 ° 


Example 15.—What is the breaking weight of a solid pillar of 
wrought iron 20 feet long and 6 inches square? 


1 = 240, d = 6, S = 36, 7 = 40, 


From equation (13)— 


16 x 36 
P = 1, Gor = 375°6 tons. 
3,000 
If both ends are rounded— 
P = a = 183°8 tons, 
14+ 43 G00 


which is about one-half of the former. 
Example 16.—What must be the section of a solid square 


pillar of wrought iron, 15 feet long, whose breaking weight is 
50 tons; the ends being fixed? 


Let d = side of the square in inches, 


S = d, 1 = 180, P = 50. 
From equation (13)— 
a 16 d? 
yt, (180) 
73.000" d? 


Reducing, we get— 
8 d4— 25 d2=270; d?=7°6, or d= 2-75 inches. 


Example 17.—If the breaking load of a solid rectangular 
wrought-iron pillar, 10 feet long and 2 inches in thickness, be 
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30 tons— What will be the width of the pillar if its ends be 
imperfectly fixed? 
Let x = required width, 
S = 22, l= 120, r= 060, P = 30. 
From equation (14), we get— 


16x 2x 
Oe OE 
+ * + 3 900 


From which we get 
x= 5-4 inches. 

162. Rankine’s Rules for Wrought -iron Columns.—Rankine’s 
rules, given in equations (15), (16), and (17), may be applied for 
determining the strengths of wrought-iron columns and struts of 
any section, by giving to the constants the following values :— 


f= 36,000 Ibs, c= 36,000. 


These rules might be applied to solve examples 15, 16, and 17, 
For example, in 15 we get— 


o_ (6)? _ 

a = 3, 

Pp mae oe = 377°3 tons, 
1+ 36 000x3 


when both ends are fixed, which agrees very nearly with the 
result as fonnd by Gordon’s formula. 
When both ends are rounded 


36,000 x 36 


= Lad. COR = 184°8 tons, 
** + 36,000 x 3 
When one end is fixed and the other rounded 
36,000 x 36 
oe ee 
9 * 3,600 3 


This latter is rather more than a mean between the first two. 

163. Solid Round Wrought-iron Columns.—The strengths of 
solid round wrought-iron columns per square inch of section 
is less than that of similar solid square columns. MRankine’s 
formula may be applied for determining these strengths. 
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Eaample 18.—What is the breaking weight of a solid round 
wrought-iron column, 2 inches in diameter and 7°5 feet long ? 
1. When both ends are fixed. 
2. When both ends are jointed. 
3. When one end is fixed and the other jointed. 
S = 3°1416 pea! ~=90 inches 
: 16 4’ a 
1. By substitution in equation (15) we get— 
36,000 x 31416 
Se 0 oto 
(90)? 
LS 7 
36,000 x i 


2. From equation (16) we get— 
p= 36,000 x 31416 


1+ 4 _ 07 
1 


36,000 x 5 


= 10-9 tons. 


3. From equation (17) we have— 


36,000 x 3:1416 
ae ae Came tons. 
9 36,000 x ; 

164. Wrought-iron Tubular Columns.—From experiments 
made by Messrs. Fairbairn and Clark on wrought-iron tubular 
columns, it appears that, within certain limits, their strength per 
square inch of sectional area is independent of their length. 
For columns whose length does not exceed 30 times the least 
breadth, the failure takes place, not by the bending of the 
column as a whole, but by the buckling of the plates in short 
lengths. ‘This buckling of course would not have taken place if 
the plates were thick or properly stiffened. The crushing 
strength per square inch of a long tubular column depends 
mainly on two considerations :— 

1. On its diameter or least breadth compared with its length, 

2. On the thickness of the plates compared with its diameter. 

Generally speaking, as appears from Table XXX., the unit 
strength appears to be greater, the thicker the plate is com- 
pared with the diameter of the tube. It will also be seen from 
the table, that in most cascs when tho proportion of the dia- 
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meter to the thickness of the sides is less than 50, the breaking 
weight per square inch of sectional area exceeds 10 tons, though 
there are some exceptions. 


TABLE XXX.*—Exrermernts on Wrovant-Iron Ho.tow 
CYLINDRICAL COLUMNS. 

















| Thickness; goctional | Ratio of Diamotor pieating Wether 
rangi Diameter} piates | AT |Biameter.| mesot | WelgBe | #9. 10.0 
to | laos | lor | age | 8000 | 15 29 | 635 
5 1495 es 40 15 6 18 13°92 
2°35 or { 20 15 678 15°27 
10 1964 "104 “61 | 60 18°8 6°32 10°36 
° ai 30°D 18‘8 9°07 14°86 
29 15°3 18°8 10:07 1651 
10 2°49 107 "S04 47°5 23°27 10°69 13°3 
Ge ah we | WL foe | 126 | 15-67 
2°5 21°0 rv 13:1 16°29 
10 2°35 242 1‘605 51°‘0 9°7 15°4 9°68 
25 | 2°38 246 1°65 12°5 9°7 24°4 14-78 
10 3°0 15 1°35 40°0 20°0 16 ‘67 12°35 
731 308 168 1°41 29°6 18°0 18°8 13°3 
23}; 3:0 153 1°41 9°3 19°6 23°6 16°7 
10 4°05 14 1:70 29°6 29°0 21°07 12:34 
75 | 405 "121 161 22°2 30°9 240 1488 
10 4°06 155 19 29°6 26°) 22 27 11°72 
10 6°36 "13 254 ( 189 49°0 40°80 16:06 
73 | 6°36 | "13 | 2°54 | 14°] 48°9 47°37 18°6 


eee ORTEEN, STITT: 





* Proc. Inat. C.E., vol. xxx. 
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Example 19.— Apply Rankine’s formula to determine the 
breaking weight of a wrought-iron hollow cylindrical column, 
its length being 10 feet, external diameter 1} inches, and thick- 
ness of metal th inch ; the ends being bedded flat. 

In Rankine's formula, equation (15), we have 


J=16 tons, c= 36,000, S= 44, 


A\Z Q2\2 2 
1=120 inches, 2 (LDE+(13)"_ 946 = 58.536, 
16 : r? 


Substituting, we get 


16 x °44 
fa a 7 9. 
P ; ROGET: 7 tons, 
* 36,000 


which nearly agrees with the result found by experiment as 
shown in the Table. 

165. Wrought-iron Struts of Angle, Tee, Channel, and Miscel- 
laneous Sections. Gordon’s formule, equations (13) and (14), 
may be applied to calculate the strengths of wrought-iron struts 
and columns of angle, tee, channel, and cruciform section, by 
giving certain values to the constants f and a. 

Mr. Unwin recommends the following :— 


1 
~ 900° 

The diameter to be used for such sections is found by taking 
the shortest diameter of a rectangle or triangle circumscribing 
the section. 

Example 20.—Apply Gordon’s formula to determine the break- 
ing weight of a wrought-iron strut of angular section 3 x 3 x 4, 
its length being 18 inches and ends fixed. 

The least diameter of the section d= 2-12 inches. 


J=19 tons, a 


Applying formula (13) we get, putting r= og 8 


19x 2-11 

(8:5) 
1 + "900 
Example 21.—If the angle bar in the last example be used as 


a strut in a lattice girder with pin connections at its ends; what 
is the safe stress to apply to it, the factor of safety being 41? 
TA 


P= = 37°] tons. 
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In this case we must use equation (14), from which we get the 
breaking weight 
P SRE: = 30-4 tons. 
1+4- 900 
Safe load = ie = 7°6 tons, 


Example 22.—-The diagonal brace of a Warren girder is 10 feet 
long and is composed of two tee bars 6x 3x4 placed back to 
back and rivetted together. What is the maximum compressive 
working stress that should be applied to it when the ends are 
firmly rivetted to the booms ? 

Area of 6 x 3x 4 T = 4:25 square inches, 
S=2 x 4:25=8°5 square inches, 
least diameter d= 6 inches, 1 -- 120 inches. 


By Gordon’s formula we get breaking stress 
19 x 8-5 


" “900 
Adopting a factor of safety of 4 we get the working stress 
= ae = 27-9 tons. 


If each end of the strut be connected to the boom by a singie 
pin we must use equation (14). 
19 x 8-5 
P= ba 4 (20) = 58°] tons, 
+ * "900 


or safe load = 14°5 tons, about one-half of that in the first case. 
Example 23.—What must be the thickness of the bars in a 

strut similar in section to that in the last example, if the length 

be 12 feet and the maximum working stress 12°5 tons; the ends 

being connected by pins ? 

_ By transposing equation (14) we get— 


B= 5 {1+t0(5) }. 
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In this equation we have the following values :-— 
Paievdes0ions. ¢= oo f=19 tons, 
¢= 144 inches, d=6 inches, 
By substitution 


S=") j 1+ a ea | = 9-36 square inches. 

Each tee bar must, therefore, have a section = 4:68 square 
inches, or the required thickness = 0-55 inch. 

166. Mr. Christie’s Experiments.—- Mr. Christie has recently 
made, in America, a number of experiments on wrought-iron 
struts of angle, tec, and channel sections with the ends fixed in 
four different ways. 

Ist. With loose flat ends, 
2nd. With fixed ends, 
3rd. With hinged ends, 
4th. With rounded ends. 


He found that in all cases, except for very short Jengths, the 
bars bent in the direction of the least radius of gyration. 
Table XXXI. gives the results of his investigations. 


* TABLE XXXI.--Avernace RESULts or Mr. Curistie’s TESts oF 
Werovent-Inon Struts oF ANGLE AND TEE SECTIONS, 


Am a eee ale me Re Epc aL CENT YALU Nr i tn tn AS. LA Te SORA te i ftw 











aaa Breakisc Weiaut iy Pounps rer Squaru Ivcu. 
Lenet Radius 
of Qyration | Se a, 
; Flat Ends. | Fixed Ends. Winged Ends. Round Enis. 
20 46,000 46,000 46,000 44,000 
4 40,000 40,000 40,000 36,500 
80 32,000 32,000 31,500 29,000 
100 29,800 30,000 28 000 20,500 
200 14,500 17,500 10, 800 6,000 
300 7,200 9,000 5,000 2,800 
400 3,000 5,200 2,500 1,500 
480 1,900 si 1,800 a 





* Pree. . Inst. C.#., vol. lxxvii., p. 396. 
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IIT. Street Cotumns. 


167. Steel Columns of Solid Round and Rectangular Sections, — 
The laws which govern the strength of steel columns are very 
similar to those which apply to those made of wrought iron. 

A good deal of the knowledge which we possess on the 
strength of steel columns of solid section is due to the investi- 
gations of Mr. B. Baker, who recommends the following valucs 
for the constants in Gordon’s formule :— 


: ; 1 | 
Mild steel f = 30 tons, a = 1,400: 
Solid round pillars, 
asf —— 
Strong steel f = 51 tons, a = §00° 
; 1 
Mild steel f= 30 tons, “t= 3.480 > 


Solid rectangular 
pillars, ‘ : : l 
Strong steel f = 51 tons, a = G00" 


168. Steel Columns of L and I-Section.— Mr. Christie gives the 
following table of the average strengths of steel struts of angle 
and tee section, for different ratios of length to radius of gyra- 
tion :— 

TABLE XXXII, — Averace Resvits or Mr. Crepistiz’s Tests or 

Sree. Strotrs oF ANGLE AND TEE SECTION; THE ENDS BEING FLAT. 


Serene 






















Breaking Weicnt in Pounps 
Ratio PER FQVake INcu. 
i 


Breakinea Weicut in Pocnps 
Pim SQovuanx Inch. 







Ratio 
f 







Mild Steel. Hard Steel. 





Mild Steel. Hard Steel. 











on 











20 72,000 23,800 
; 40 46,000 20,000 
60 41,000 16,900 
: 80 38,000 14,000 
100 35,000 11,800 
120 31,500 10,200 
140 27,000 9,000 


23,000 
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Mr. Fidler (Bridge Construction, p. 180) says :—-“ For the 
most ordinary ratios of length to radius of gyration, ¢.¢., for all 
ratios greater than 20 and less than 200, the results of Mr. 
Christie's experiments, as given in his own tables, would be 


expressed with a fair degree of accuracy by the following 
empirical formule :— 





Mild steel p= — 
1+ 3500072 

Hard steel p= fees 
a 90,000 72 


in which r= radius of gyration.” 

Example 24.—What is the breaking weight of a solid rect- 
angular pillar of mild cast steel, its length being 12 feet and 
section 3 inches by 2 inches; both ends being securely fixed } 


JS =30 tons, a= a S=3 x 2=6 square inches, 
3 


?= 144 inches, least diameter d= 2 inches, 
From equation (13), we get breaking weight— 


P= sayy - 58-2 tons. 
T+ 9 480 


If the pillar be jointed at the ends, we get from equation (14)— 


P= oe = 19-2 tons. 
1+ 40 430 


Example 25.—What is the safe working stress on a round 
strut, 3 inches diameter and 8 feet long, made of mild forged 
ateel ; both ends being jointed ? 


JS = 30 tons, S = -7854 (8)? = 7:0686 sq. inches, 


a oree oer werent 
Ce i ’ 
96 


: ' 
¢= 96 inches, d= 3 inches, 77 37 32. 
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From equation (14), we get the breaking weight— 


0 
P= ee “(go tons, 


1+4x 1,400 


If the load be a steady one, the safe working stress will be 
{adopting a factor of safety of 4) ° 13°5 tons. 


If it be attended with vibration, the working stress will be 


a = 10°8 tons. 


CHAPTER XII. 
BRACED GIRDERS. 
Boutman Truss, TrRapezorpaL Truss, Fink Truss. 


169. Braced Girders differ from ordinary plate girders, mainly 
in the construction of their webs. In the latter the web is a 
continuous plate connecting the flanges together, wlule in the 
former it consists of a number of burs usually termed braces or 
lattices. These braces divide the girder into a number of tri- 
angles or trapeziums, and they transmit the horizontal stresses 
from one flange to the other. The braces are exposed to direct 
stresses in the direction of their lengths, eithcr of compression 
or tension; in the former case they are termed sfrufs, and in the 
latter ties. 

170. Different kinds of Braced Girders——Braccd girders are 
divided into a number of different types, many of which are 
known by the names of their inventors. Thus we have the 
Bollman Truss, the Trapezoidal Tries, the Kink Truss, the Warren 
Girder, the Lattice Girder, the Bowstring Girder, &c. 


T. Bottman Truss. 


171. Simple Triangular Truss with Single Load — Bollman 
Truss.-—— The simplest form of braced girder is the triangular 
truss shown in fig. 87, and is sometimes known as the Bollman 
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truss. It consists of a horizontal member, A B, and two inelined 
members, AC and BC, with a 

‘vertical connecting member, DC. e--en-—— 4 ------ fe -- fe 
When this truss rests on two sup- A! 
ports or abutments at its extrem- 
ities A and B, and is loaded with 
a weight, P, resting at the point, Fig. 87, 
D, the stress on AB will be a 

constant direct compressive one throughout its length; so als 
will be the stress on the vertical member D C, while the stresse: 
on AC and CB will be tensile. 


Let /=span or distance between the supports, 
x = distance of D from the left support, 
d=. J) C the depth of the truss. 
The supporting forces at A and B will, therefore, be 


Poo an dP 






respectively, and the bending moment at D will be 


M,=P a 
and the horizontal stress on A B will be 
x (l- x) 


Sis=P 2 1. (I) 


This expression is also equal to the horizontal component of 
16 stresses on A C ‘ ve, therefore, 
the stresses on A C and BC; we have, therefore 


AC pyarll-e) JYat+d? 


S.o= San a A D> a 2 ae ° maa a Seo . (2). 
BC J (t-2 +2 
Spo= Ban ¥ Bp7P” ae Mere ca WP 


The stress on DC is evidently equal to the oe force P, 
| or Bpo= 


If the point D be midway between A and B, we get— 
i P! 


t= 9 Sas= yy 


on Oeics 
2 Sio™Sac= yn Utes 
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The above is the analytical method of determining the stresses 
in a truss of this kind. 

In nearly all braced girders the stresses may be got more 
readily by a stress-diagram, which for the case 
under consideration is constructed as follows:— 

Take a vertical line, a 6 (fig. 88), equal to the 
weight P on any scale of forces; draw ao par- 
allel to A C and bo parallel to BC; these lines 
meet ato. Through o draw oc parallel to A B. 

Fig. 88. Fig. 88 will be a complete stress diagram of 
the truss. 


a 


ac=upward reaction at A, 
6c=upward reaction at B. 


By measuring these lines on the adopted scale we find at once 
all the stresses required. . 

Example 1.—A trussed girder, similar to that shown in fig. 87, 
is divided into two panels, A D and BD, of 16 feet and & feet 
respectively, and the depth DC=4 feet. Find the supporting 
forces and the stresses on the different members when a load of 
3 tons rests at the point D. 

(a.) Analytical Solution.— 


3x8 


Reaction of abutment at A = “oa 1 ton. 
3x 16 
” 93 B = ay a = y. tons. 
: 16x8 
From equation (1)+S8,,=3. sid = 4 tons. 
reTR\2 (Aye 
; (2)- Sond .Y COPAY 4.19 tons 


T(R\2 AY: 
(3)-Syo=4. Es 4:47 tons. 


] 
+ Spo™ 3 tons. 


(b.) Graphic Solutton.—In fig. 88 draw the vertical line ab 
«= 3 tons by scale. Through its extremities a and b draw ao, 
bo parallel to AC and BO respectively. Through their point 
of intersection, 0, draw oc parallel to A B. 
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We find by scaling— 


oc=8,,= +4 tons, 
o0a=S,,= —4:'12 tons, 
ob=S,.= - 4:47 tons, 
which agree with the results as found by analysis. 
172. Bollman Truss with Distributed Load.—If the load P, 
coming on the truss, instead of being concentrated over the 
vertical strut, be evenly distributed along the top member, A B, 


the stresses on the various members of the truss will be different 
to those previously found. In such case 


; : P 

the reactions at the abutments will each = =. 
eae 

the thrust on the vertical member will = >, 


and the direct stresses on the other members will be exactly one- 
half of those produced when the load is a concentrated one. It 
must be noticed, however, that the stress on the top member, 
A B, is not a purely direct compressive one; as, in addition to 
the direct thrust, there are bending stresses produced. In fact, 
A.B partakes somewhat of the nature of a beam continuous over 
two spans, the central support being D C. 

Trusses of this simple pattern do not conveniently Jend them- 
selves for carrying distributed loads, but are more suited for 
supporting a single load resting directly over the vertical strut. 

If the truss shown in fig, 87 be inverted as shown in fig. 89, 
the load should be applied at D, the foot of the vertical member. 
If applied at the top, the load, or part 
of it, would travel down C D and a c 
duce a bending stress on the horizonta ; 
member, which is not desirable. If, * cll 6 
instead of doing this, the load be trans- p B 
mitted entirely through the inclined Fig. 89. 
members A C and BO, then there 
would be no need of the vertical member. With the load rest- 
ing at D, the method of calculating the stresses is the same as 
that given for truss, fig. 87, but the character of the stresses will 
be different. Those in A Band C D being tensile, while those 
in AO and C B will be compressive, just the reverse of the 
former case. 
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173. Bollman Truss of Three Divisions —Fig. 90 is a develop- 
ment of the truss we have heen considering; the horizontal 
member is divided into three equal 
parts, and two separate and distinct 
triangular trusses, A C B, A D B, are 
formed, the member A B being com- 

Fig. 90. mon to both. If the truss support a 
uniformly distributed load, P, on 
each of the three panels into which it ig divided, it will be 
equivalent to two concentrated loads, each equal to P, resting 
on the points C, and D,, and the supporting force 
at each abutment, neglecting that which comes 

directly on it will be equal to P. 

; ; If each triangular truss, A CB, A D B, be 
considered separately and independently, the 
stresses on the different members may be found 

Fig. 91. exactly in the manner described for fig. 87. 

The total stress on AD will be equal to the 

sum of the two stresses on this member as found from each 
separate load. 

174. Bollman Truss of any Number of Panels.—It is not a 
difficult investigation to find a gencral formula for determining 
the total stress on the horizontal inember of a Bollman truss of 
any number of equal panels when loaded uniformly. 





Let 2 = number of equal panels in truss, 
P = weight on each panel, 
d= depth of the truss, 
Z=span of truss, 
p=intensity of distributed load. 


We have seen from equation (1) that the horizontal stress on 
the top member arising from one weight, P, at a distance, 2, from 


: {— 
the abutment is=P. x TF . 


; 4 d 
Putting x =-—, and P oe 
nN 7% 
by substitution we get-— 


The horizontal stress on A B from one weight=p ? nee ” 


As there are (n ~ 1) weights, we get — 


: n-1 pP n?-} 
Total stress on horiz. member= ip i??. a a Oa (4), 
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For truss with two panels n= 2, Sis= : ae . 
8 », three ,, n=3, Sa n= on ay 
” » four ,, n=4, Sape= 2 As 
rT » five 4, m=5, Sap= 7 be 
” » seven 4, n==7, Sine a oe 
” » Cight ,, n=8, Sa n= ing a 
+ » infinite ,, n=x, Sap= : 


Tt will be seen, therefore, that no matter what the number of 
panels, the horizontal stress on the top member varies between 
1 pl 1 pe 
3 _ and 6 . when it is loaded with a uniformly distributed 
load of p per unit of length. 

Example 2.—A Bolhnan truss of three panels is 24 feet span 
and 4 feet deep, and is loaded uniformly with { ton per foot. 
What is the stress on each member? 


Total distributed Joad on truss = 24 x 2 = 21 tons. 


This is equivalent to 7 tons on cach panel, or to two loads of 
7 tons each resting on the points C, and D,, fig. 90. The com- 
pressive stresses on CC, and DD, ‘are, therefor e, each equal to 
7 tons. 

Graphic Solution —Consider the triangular truss ACB by 
itsclf; this supports a load of 7 tons, acting at (). Draw the 
vertical line, a 6 (fig. S1)=7 tons. Through its extremities 
draw «ao, bo, parallel to AC and BC respectively. Through o 
draw oc parallel to AB. We have, therefore, by scaling— 

Saczao= —10-4 tons, 
Ssue=bo= —96 tons, 
S,p=zeco= +93 tons. 

By considering the triangle A DB we get similar results, 

namely :—- 


S.n= eal 9-6 tons, Ban = = 10-4 tons, 5.2 + 9:3 tons, 
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The total stress on A B will, therefore, be 9:°34+9°3 = 18°6 tons. 
The result may be checked algebraically from equation (4) by 
putting— 
a) P= l=04, dad, 


We then get from ait (4)— 


24)? (3)?-1 \,., 
5 x ( ee aH 18:66 tons. 

Example 3.-—A railway bridge, 60 fect span, carrying a single 
line of railway, is supported by two Bollman trusses 10 feet 
deep ; each being divided into six equal panels. If the dead 
weight of the structure be 120 tons, and the rolling load of a 
train of carriages be equal to 1} tons per foot, determine the 
stresses on the various members of the truss. 


We have—Dead load 


% 
San= 





- 120 tons, 


Live load = 60 x it : 27 OO" 95 
Total load on bridge S210. «a 
a each truss =105_,, 


This is equivalent to 17-5 tons resting on each panel, and as 
the load is transmitted to the main trusses by five cross girders, 
the actual load on each truss=17°5.5-=587°5, the difference 
between this and 105 tons being 17°5 tons, which is carried directly 
by the abutments, and does not affect the stresses on the truss. 

Fig. 92 represents a skeleton sketch of one of the trusses 
drawn to scale. Loads of 17°5 tons rest on each of the points 
C,, D,, E,, F,, and G,, and it is evident that the stress on each 
of the five vertical members CC,, DD,, EE, FF, GG, is 
+17°5 tons. The readiest method of finding the stresses on the 
other members is by the aid of the resolution of forces. Con- 
sider the triangular truss A BC; this is a complete truss in 
itself, and is loaded with a weight of 17°5 tons acting at C,. 

This weight passes unaltered 

-B. down C, ©, producing in this 
5~ member a thrust of 17:5 tons. 
At the point C there are, 
therefore, three forces acting 
—viz., the compressive stress 

on C, C and the tensile 

Fig. 92. stresseson AC and BO. As 

one of these stresses—namely, 

that on C, C—is known, the other two may be found by tho 


0; _ —_— 





== 


BOLLMAN TRUSS OF ANY NUMBER OF PANELS. 991 


resolution of forces, as explained in Art. 60. Draw, there- 
fore, to any scale the vertical line Cce=17'5 tons, Through c 
draw cc, parallel to AC, and meeting BC produced atc,. We 
have, then, by scaling— 


c ¢c, =tensile stress on A C = — 20°62 tons. 
Cc, =tensile stress on BC= - 14°87 tons. 


In the same manner we may consider the other triangular 
trusses. Each is loaded with a weight of 17:5 tons, and by 
proceeding exactly on the same lines as just explained we have 
the following results :— 


For truss A D B— 
dd, =tensile stress on A D= — 26:06 tong, 


Da;= * DB= -24-03_,, 
Dd =compressive ,, D) D=+17'5 _,, 
For truss A E B— 


Ike =compressive stress on Ey E= +17°5 tons, 
E e, = tensile Me A E= - 27°07 ,, 
Cry = 29 ry) BE= - 27°67 1 
The stresses on the members of the triangular trusses A FB 
and AGB will be exactly the same as those on ADB and 
A C B. 


The horizontal line, c, c,, represents the horizontal stress on 
the member A B arising from the load at O,. Also— 


d, d, = compressive stress on A B arising from the load at D,. 
Cy ey = PB] 3? 3) E. 


And as the stresses on AB from the loads at F, and G, are 
respectively equal to those from the loads on D, and C, we have 
the following result :-— 


Total compressive stress on A B— 
= 2 (¢, Co +d, dy) + ey y= 2 (14°57 + 23-305) + 26-25 = 102 tons. 
This result may be checked from equation (4)— 
p= 1} tons per foot, /=60 feet, d=10 feet, n=6. 


Substituting we get— 


_ 175 (60) 35 a, 
Stress on A B aa X ag 102°] tons, 


which agrees with the result previously found. 
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175. Defects of the Bollman Truss.—The Bollman truss has: 
one serious drawback which becomes very noticeable in large 
spans. 

Tt will be seen that the two ties supporting any one of the 
vertical struts except the central one are of unequal length; 
consequently any expansion which may take place, whether it 
arise from the strain on the bars, or an increase of temperature, 
affects their lengths unequally ; the long bar naturally extending 
more than the short one. ‘This tends to throw the vertical 
struts out of the perpendicular and to introduce secondary 
stresses into the structure. 

This defect does not exist in other trusses, such as the Fink 
truss for example, which latter is superior to the Bollman. 


II. Trapezoipat Truss. 


176. Trapezoidal Truss.— Another simple form of truss is that 
in which the constituent trusses are trapezoids instead of tri- 
angles, examples of which are shown in figs. 93 and 94, 

In fig. 93 the longer horizontal member is uppermost, and is 
divided into an odd number (five) of equal panels, and the truss 
consists of the two trapezoidal trusses ACD B and AEF B. 


NOE LASS. 


Fig. 93. Tig. 94. 


In fig. 94 the shorter horizontal member is uppermost, and the 
truss is divided into an even number (six) of equal panels, and 
consists of the two trapezoidal trusses AC DB and AEF B, 
and the triangular truss AG B. 

In all trusses of this kind with an even number of bays there 
will be one triangular truss. 

In fig. 93 the load is placed on the top of the truss, and the 
top member A B and also the vertical members will be in com- 
pression ; while the bottom member C D, as well as the inclined 
members, will be subject to tensile stresses. In the truss repre- 
sented in fig. 94 the load will be applied at the bottom, and, as 
before, the top and bottom members will be exposed to com- 
pressive and tensile stresses respectively. The vertical members 
will be in tension, and the inclined members will all be in com- 
pression. 
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The form of truss shown in fig. 93, or that with the longer 
horizontal member uppermost, is much superior to the other, on 
account of the diagonal members being in tension. When these 
members are in compression they require a good deal of extra 
metal, on account of their length, to prevent their buckling. 

177. Trapezoidal Truss of any number of Panels.— 


Let 2 = number of equal panels in truss, 
d= depth of truss, 
~=span of truss, 
p=intensity of distributed load (say in tons per foot), 
P = total load on each panel. 


P= pt 
nm 


(a.) If the number of bays be even, there will be a central 
triangle, and 
pe Fr 
Sou = Sd ry ry r , (5). 


(b.) If the number of bays be odd 
ple nt—] 


San = ar ar an . . (6). 
If we compare this formula (equation 6) with equation (4), we 
seo that the horizontal stress ina Bollman truss is greater than 
that in a trapezoidal truss of the same span and depth and loaded 
with the same weight, in the proportion of 4 to 3. 
Example 4.—A simple trapezoidal truss, similar to that shown 
in fig. 95, is 24 feet span and 6 feet 
deep; the length of the upper chord — we-- 2. 5 -->e--+ 9 0 -=-ig a= 7 
is 9 feet. Find the stress on each | (P) (P) 
member when loaded with 4 tonsat gy 


a ‘ 
ch on a 
The upward reaction at each abut- 


A . 
ment=4 tons. Draw, therefore, the aman aes 
vertical line Aa=4 tons. Through Fig. 95. 

a draw aa, parallel to A B. 





aa, = tensile stress on A B = —5 tons, by scale, 
A a, = compressive stress on A C= + 6:4 tons, by scale, 
Stress on C D = stress on A B= +5 tons. 


As the loads rest on C and D there should be no vertical 
struts at these points; if the load be carried on the bottom 
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member A Bit would be necessary to introduce these vertical 
members which, in this latter case, would be subject to tensile 
stresses, equal to the weights suspended at their feet. 

The solution may also be effected by the principle of moments. 
Taking moments about the point C, we get— 


S.nx6=4.x7'5, or S,,=5 tons = Sop, 


’ : AC 9-6 
SS. San * PR == 5 x wa O4 tons. 
Example 5.—A bridge 54 feet span and 8 feet in width is 
- supported by two timber trusses of 
the design shown in fig. 96. Each 
l ~~ fy, truss is 6 feet deep and divided by two 
led r vertical posts into three equal parts. 
Fig. 96. Find the stresses on the various mem- 
bers, the total weight on the bridge 
being equivalent to 200 Ibs. per square foot of platform. 


Total weight on bridge = 54 x 8 x 200 Ibs. = 86,400 Ibs. 
3 one truss = 43,200 lbs. 


Load resting on each of 43,200 
the points C, and D,) ~~ "377 ~ 


Upward reaction at{ _ 
each abutment } = 14,400 Ibs. 


14,400 Ibs. 


At the point A, there are three forces acting, viz.:—The up- 
ward reaction which = 14,400 lbs. and the stresses on A Band AC. 
Draw, therefore, the vertical line A a= 14,400 lbs. Through a 
draw aa, parallel to A C, meeting A B at a,. 


S,g=aa,= — 45,600 lbs. by scale, 
S,n=Aa,= + 43,200 lbs, 


The stress on A B is constant throughout its length, and the 
stress on C D is equal to it in amount, but tensile. Stress on 
C, C=stress on D, D = + 14,400 Ibs. 

The stress on the horizontal members may also be found 
analytically from equation (6). 

By putting n=3, d=6 feet, 1 = 54 feet, p= 800 lbs., we get-— 

_ 800 (4 (3-1 


Sas 6 x 8 (3% sm 43,200 lbs, 
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III. Finx Truss. 


178. Fink Truss.—The Fink truss, called after its inventor, is, 
like the Bollman truss, much used in America for timber bridges. 
Fig 97 represents one of these 
trusses, consisting of what are 
called primary and secondary 
systems. The primary truss is 
the triangle A BC, the strut C D 
supporting the horizontal mem- 
ber A B at its centre. The tri- 
angles ADE and DBF are the 
secondary systems. The vertical 
struts GE and FH further sup- 
port the horizontal member A B at the points G and H, which 
are midway between A and D, and D and B respectively. If 
the top member of the truss require extra support, it may be 
accomplished by further subdividing the truss into tertiary 
systems, and this is done by introducing additional struts mid- 
way between the poinis A, G, D, H, and B, and trussing them 
in a similar manner to that adopted for the primary and second- 
ary systems. 

The top member or boom, A B, is common to all the systems, 
and the direct stress upon it, which is compressive, will be 
uniform throughout its whole length, when the load on the 
truss is an evenly distributed one. This stress will be equal to 
the sum of the horizontal stresses duc to each of the systems. 

Suppose the truss to be loaded at the points G, D, and H, 
with weights W,, W,, and W, respectively. 





Let ¢= span of truss, d = depth. 


First consider the triangular truss, A E D, as an independent 
truss supported at A and D; this has a weight, W,, resting at 
G. Taking moments about E, we get— 


Syyxd= "x AG, 


or Syp= a (compressive). 


W,l 
S,n=Sep =Sap * sec <.GAE= 


1 
8d 








AE 
XG (tensile). 


Sax= W, (compressive), 
5 
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Similarly, we get for triangle D F B— 





W,l 
San=-gy- Spr=Sp r= d HB 
Sa F> W;. 
Next consider the triangle A C B. 
Here the thrust acting along DO is not simply the weight 


W, resting at D, but in addition the vertical components of the 
stresses on the members ED and DF. ‘These latter are 


WwW, W, 
“3 land -; g respectively ; ; so that the total thrust on DC is 


The stresses produced on the different members of A OB, 
arising from this thrust on D C, are— 


Ww +W,\ J 

San W B emeriet SLSHAe id 

San ( 2 re 
: (Ww. me AC 
S10=Snc=( rn \ ay AD 


Taking all the loads into ssaaieasite simultaneously, the 
total stresses on A D and D B are— 
Wl W,+ W;\ 2 W, 
Biya gy + (Ws a a ra" H za(™ + Wat ?) 


W,! wW,+w, W, 
Soa=-g4 +(W,+— sie =) o> iq (Wet Wat 5) 


The stresses on the other members are not altered, but remain 
at the values already given. 

If the weight on each panel = W, we get W, = W, = W,= W, 
and substituting in the above expressions we get the following 
values for the stresses :-— 





Soz=Syp= W. 
Soc=2 W. 
5 Wi 
8,0=Spa= yy (14 +7)2 "gy" 
Wil AE 
Sa z=Szn=Spr=Syer= ga * AG’ 


Wl AC 


Sac =Bao= gy ap 
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If the truss be loaded with a uniformly distributed weight, 
equal to p per unit of length, we get W =e. 

Bubstituting this value for W in the previous equations, we 
get— 


' Y 
Son=Sue= Bpo= 
PB 5b 5 pPB 

ale ar ec a 


and so on. 

If the truss, instead of being divided into 4 equal bays, be 
divided into a number represented by any other power of 2, it 
will be an easy matter to find the stresses in the manner 
indicated. 

The sketch shown in fig. 98 represents a more extended form 
of the Fink truss. The seven uprights at 1, 2, 3, &c., divide the 
span into cight equal panels. If a weight, W, rest on each of 
the points 1, 2, 3, &c., the truss 
may be considered to be made A; ¢_ 4 
up of seven distinct and in- % Nsgie 
dependent trusses. Each of a yl ; 

b 





the vertical struts at 1, 3, 5, 

and 7 is exposed to a com- 

Pe stress equal to W. : 
ach of the struts at 2 and 6 Fig. 98. 

to a compressive stress equal 

to 2 W; while the central strut at 4 has a compressive stress 


equal to 4 W. 
179. Fink Truss of any Number of Equal Panels loaded uni- 


formly. 
Let = number of panels in the truss, 
i= span of truss in feet, 
d= depth of truss in feet, 
w= weight per foot resting on truss, 
W = total weight, or W =wl. 


The number of panels must always be equal to some power of 
2, as 2, 4, 8, 16, dc. ; the most general form is that where n= 8. 
(a.) When n=2, we get simply an inverted triangular truss. 
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Ww 
The stress on the vertical post = “5° 


d 
The horizontal stress on the boom = if qd (7). 


ee ; Wil 
The stresses on the inclined ties are each =-;~, sec. 6, 


Sd 


where ¢=angle of inclination of the ties to the boom. 
Ez. 
= +d? Seaciies 
4 Sl 44d? 
Seed a ey 


y) 


ad 


so that 
— WV 
Stress on tie = ay J+4d? . - (8). 


(b.) 2 = 4. In a truss of four equal panels the stress on thi 
central post is the same as in the latter case, and consequent: 
the stresses on the long inclined stays are also the same, that is 
of course, when the span and depth are the same; the introduc 
tion of the secondary trusses do not alter these in any way. I 
will, therefore, only be necessary to consider the stresses in th: 
two secondary triangles. The stresses on the two secondar' 


; Ww , 
vertical posts are each equal to --, and the stress on the hori 


1wl Wil 
zontal boom arising from these thrusts = 48a 7 39a Th 


total stress on the boom from the total load will be equal to th 
sum of the stresses due to the primary and secondary trusses, o1 


Wi Wi _5Wi 
Ba *t39a7 39g (9: 


The stresses on the inclined ties of the secondary trusses ar 


Total stress on boom = 


each equal to ee x sec. 6, where 


6, = angle of inclination of these ties to the boom, 


a. aha 

ni 2 
; \ (3) +d! EC TCR 
i pn gee 


4 


a) 
tL 
S 
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.*. atress on secondary ties 


Wi J&yvied . Jie ied 
og ge er ggg = A 


(c.) 2 = 8. In this case there are three systems of trusses— 
viz., primary, secondary, and tertiary. 

The stresses on the central vertical post 44’ (fig. 98) and the 
primary ties A 4’ and B 4’ remain the same as in the previous 
cases. 

The stresses on the secondary struts and ties also remain the 
same as in the last case. 

The stresses on the tertiary posts at 1, 3, 5, and 7 are each 





equal to g° 
The horizontal stresses on the different segments of the boom, 
A 2,24, 4 6, and 6B arising from these thrusts on the posts, 
each equal to ad x oe ee 
enero 8 * led 18a 
The total stress on the boom 
_Wwl Wi Wil Wisi i - 1\ 21Wl 1 
“gd 732d" 128ad a \8" 32 3) =e oe 
The tensile stresses on the inclined ties of the tertiary trusses 


Wi 
josq 8° 6.,, 
where é, = angle of inclination of these ties to the boom. 


Jaye 
Al’ _ (3) TO Meera 


ery en ett mie eeee mare 


Al Y ¢ ; 


are cach equal to 


sec 6, = 





; Was ; 
.*. stress on tertiary ties = 138 J+ 64d? (12). 


Example 6.—A Fink truss of four equal divisions is 25 feet 
span and 3 feet 9 inches deep, and carries a uniformly distributed 
load of 1} tons per foot. Find the stresses on the different 
members. 

Total load on truss = 25 x 1°5 =37-5 tons = W. 


This is equivalent to loads of 9-375 tons resting on each of the 
points G, D, and H (fig. 97). 
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The thrusts on the vertical posts are, therefore, 


Sox = Sur = 7 = 9375 tons, Soo = Md = 18-75 tons. 
Analytical Solution.—The total thrust on the boom A B is 
found from equation (9) by putting 


W = 37°5 tons, i = 25 feet, d = 3°75 fect. 


SW 5 x 37:5 x 25 
me = ee age 


From equation (8) we get the stress on the primary ties— 


OTD 0S eee a eT BEE ee ~ 
Sic = Soa = yg az5 J (25) + 4 (3°75)? = 32:625 tons. 


The stresses on the secondary ties as found from equation (10) 
are— 


37°5 . es 
S,2=Se0=Spr=Ssr= oy, J (39416 (575)%=9-11 tons. 


Graphic Solution.—Through E, fig. 97, draw the vertical line 
Ee = 9375 tons. Through e draw ee, parallel to ED, and 
meeting A E produced ate,. Then 


Sag = Ee, = 9:1 tons by scale, 
Sep =ee, = 9-1 tons by scale. 


The stresses on the other two secondary ties; D F and F B, 
may be similarly found by resolving the forces acting at the 
point F. 

To find the stresses on the primary ties, through C draw the 
vertical line Oc = 18-75 tons. Through e draw ce, parallel to 
C B, and meeting A C produced at ¢). 


Sac = Ce, = 32-6 tons by scale, 
Sac = ce, = 32:6 tons by scale. 


To find the stress on the boom AB, through e, draw ¢, 6, 
parallel to A BR, then e, ¢, = stress produced in AB by the 
weight acting at G = 7°8 tons. 

A stress of the same amount is produced in D B by the load 
acting at H. 

The stress produced in A B by the central load of 18-75 tons, 
acting at D, is equal to the line c, c,, which is found by drawing 
¢, ¢, parallel to AB. ¢,c, = 31:2 tons. 
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We have, therefore, the total stress on the boom— 
Sap = 6, + ¢,¢, = 78 + 31:2 = 39 tons. 
It will be seen that these results agree with those found by 
the analytical method. 


Laxample 7.—In the last example, if the right-hand half of the 
truss be loaded with an additional weight of 1 ton per foot, find 
the stresses on the truss. 


Let W,, W,, W, be the loads resting at the points G, D, and 
H respectively ; we have— 


W ,=9:375 tons, W,=12'5 tons, W,=15-625 tons. 


The stresses produced in the vertical posts are— 
So z= 9°379 tons, Syp=15°625, and 


Spo=l25+ (9-375 + 15:625) = 25 tons. 


The stresses on the secondary ties AE and ED are the same 
as in the last example. 


The stresses on the secondary ties D F and F B are— 


; WwW. Sa ee 15-625 
Sppe Sep g q gee 16 d?2= Bx 7h x 29'15= 15°18 tons. 


The stresses on the primary ties A 0 and BC are— 


| Witw rl Jf/2?4 4d? 95 
4 on (= ae 6 ~ 3 eeereka remem EEE cn pment . 
Sac =Bnc (w+ 2 \ra* l res | ae 


= 43-5 tons. 


The total stresses on the portions AD and DB of the boom 
are— 


Sap= | (w,+W,+ LES eae (9-375 + 12:5 + 7:8125) 
me A a 2 4x 3°75 
= 49-4 tons, 
¢ vig MT) 7 19.5 415-695 44 

aco (w+ y+ at) = gsogizg (125 + 15625 + 4-6875) 

Example 8.—A bridge crossing a river is 60 feet span, and is 
oy Ui by two Fink trusses, each divided into eight bays of 
7 


cet 6 inches each; the depth being also 7 feet 6 inches, The 
dead load of the bridge is 40 tons. What will be the stresses 
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on the various members of the main trusses when the bridge is 
fully loaded with a train of waggons weighing 14 tons per foot 1 


Dead load on the bridge . . = 40 tons, 
Live ”? ” . ° =90 ,, 
Total, ” 9 * ° 130 9 


Total load on each truss . ; =65 _,, 


This is equivalent to loads of 8:125 tons resting directly over 
each vertical post. 
We have, therefore, the following data— 


W=65 tons, ¢=60 feet, d=7°5 feet, n=8. 
By means of equations from (8) to (12) we get the following 
results (see fig. 98)— 


WwW 65 3 
Sa’ = 9 = st = 32°5 tons. 








W 65 
B,y = Sgy = Spy = Spy = v= 8125 tons. 
Wwe i pee 
S.¢=Sn0= 3 Jl244a%= Bxis re, (60)? + 4 (7-5)? = 67 tons. 


4 Ww jo. 12 279 
Sy Syo = Sye = Sag = 39d Jl? + 16 d2 


A eae 
= 55 niig V COFF ISS} = 1815 tons 


, We jas 
S417 = Sy =Syy = Syy = be. = page J Fs 64 a? 


Q1Wi 21x65x60 .. 
S.s= Fagg = Tae 7H 7 SOS! tons. 


The above results may be checked by the resolution of forces, 
Thus in fig. 98 draw the verticals— 


1’ a= 8.) = 8-125 tons, 2’b=8,,: = 16°25 tons, 4’c=S,, = 32°5 tons. 
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Proceeding as before explained, we get— 


Stress on tertiary ties . =aa,=5'74 tons by scale. 
Stress on secondary ties . =b b,=18-15 55 
Stress on primary ties . =c c,=67 9 


ompressive stress on boom =a, a, + 6, 6, + ¢, ¢,= 85'3 tons. 


CHAPTER XITI. 
BRACED GIRDERS—continued. 


WARREN GIRDERS. 


180. Definition. — A Warren girder, called after its inventor, 
Captain Warren, is a braced girder of single triangulation, as 
shown in fig. 99, each triangle being usually equilateral, though 
not always so. 

The horizontal members are called the flanges, and the inclined 
members the lattice bars or braces. The point in the flange 
where two braces intersect is called an apex. The portion of the 
flange, top or bottom, between two adjacent apices is called a 
bay, or sometimes a panel. 

If a Warren girder form one of the main girders of a bridge, 
it 1s usual to have it loaded at the apices, by the cross girders 
resting at these points. 

181. Nature of Stresses in Warren Girders.—When a Warren 
girder is loaded, the top flange or boom will always be exposed 
to a compressive stress, and the bottom flange to a tensile stress, 
the amount of which varies in each bay or panel. Each weight 
will cause either a compressive or tensile stress in each brace, 
und the algebraic sum of these will represent the total stress on 
these members. 

182. Case 1—Girder supported at both Ends and loaded at an 
Intermediate Point.—In fig. 99— 


Let /=span of girder, 
d= depth of girder, 
W = weight resting on an apex in the top flange, 
x= distance of W from the left abutment, 
é=nangle which the diagonals make with a vertical line, 
a=length of one panel, 
P = reaction at left abutment, 
Q = reaction at right abutment. 
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p-w! 


~ x 
vo Q=W5, tan b=, 

These reactions represent the vertical shearing stresses on the 
two segments of the girder into which W divides it, and the 
stresses on the diagonals are equal to these shearing stresses 
multiplied by sec @. 

The stresses on the diagonals 1, 2, 3, 4, 5, 6, and 7 are all the 
same in amount but different in kind; some being compressive 
aud some tensile, and may be thus represented — 


l-ax 
Sipz= = W-,; 5ec é, 


l 


The stresses on the diagonals to the right of W may be ex- 
pressed thus— 


Seis n= 4W5 Sec 6. 


The diagonals 1, 3, 5, 7, 8, 10, and 12 will be in compression ; 
The diagonals 2, 4, 6, ¥, and 11 will be in tension. 





Fig. 99, 


Tn order to explain this more thoroughly we will go through 
the process of resolving the forces acting along this girder, 
throughout its entire length. 

Let us begin at the point a, at the left abutment. There are 
three forces acting at this point, viz. :— 


(1) The reaction of the abutment which acts vertically upwards, 
(2) The stress on the panel A, 
(3) The stress on the brace 1. 


Of these three forces the first only (P) is known. Draw, 
therefore, the vertical line aa, = P; through a, draw a, a, 
parallel to A. 

a, a, will then represent the stress on A, which is tensile, and 
aa, that on diagonal 1, which is compressive. 
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Next proceed to the point c; here there are three forces 
acting, viz., the stress on diagonal 1, that on the bay G, and 
that on diagonal 2. Of these three the first only is known. 


Produce ae to c,, making ¢c,=aa,=stress on 1. Through ¢, 
draw c¢, ¢c, parallel to 2. 


Then ¢ ¢, = stress on G, which is compressive, 
and c, c,= stress on 2, which is tensile. 


Next consider tho forces acting at the point d. These are four 
in number, viz., the stresses on the bays A and B, and on the 
diagonals 2 and 3. Of these, the stresses on A and 2 are known, 
and the other two unknown; we can find these latter as there 
are only ¢wo unknown forces. Produce diagonal 2 to d,, making 
dd,=S,=¢,¢, Draw d,«, parallel to A and equal to a, a,=S,. 
The diagonal dd, will represent the force which balances these 
two forces, and it must also be equal to the resultant of the two 
unknown forces. Draw, therefore, d, @, parallel to 3, then 


d,d,=8,, which is compressive, 
dd, =S ,, which is tensile. 


In the same manner, by considering the four forces acting at 
the point e, two of which are known, we can find the others, 
V1Z. i— 

é,¢g=,, which is tensile, 
e¢,=Sqy, which is compressive. 


Similarly, by resolving the forces acting at the points f, g, A, 
&c., taken in succession, the stresses on all the members of the 
girder may be graphically found. We have, therefore, the 
following results :— 

The stresses on all the diagonals to the left of W= +P sec @. 


1 a 
S,=@,a,=P tan 6-5P F 


a 


7 


Sg=ce,=2a,a,=2 P tand=P. 


3 “ 
S,=dd,= 3a, a,=3 P tan b=5P. 7 
ag 


w=@@,=4a,a=4 P tun d=2P. 
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5 
So=ff,=5a,a,=5 P tan g=5P 


S,-9 ¥ys=6a,0,=6 P tan d=3P. 


Ria aia ae 


S,=hh,=7a,a,=7 P tan p=! Pp 


In the same way, by commencing at the right-hand abutment 
and working back to the point of application of the weight W, 
it may be shown that the stresses on all the diagonals to the 
right of W = £Q sec #. 


x=2Q tan é=Q. 


Ria ala 


S =4Q tan @=2Q. 


Ria aa Ala 


x4 
S)=5 Q tan @=5Q. 


The stresses in the flanges may be checked by the principle of 
moments. 

Taking moments about the apices ¢, d, e, f, &c., in succession, 
we get the following results :— 


, OF Se : j=P tan 0. 


a 
S,xd=Px>5 r 


S,xd=Pxa, orS,=P S23 P tan 0. 


ha 


d 3 P tan 4, 


&,xd=P x or 8.5 P 
and s0 on. 
It will be seen that these results correspond with those as 
found by the resolution of forces. 
Instead of resolving the forces in the manner explained, it will 
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generally be found more convenient in girders of this description 
to construct a separate stress diagram, on the principles explained 
by Professor Clerk Maxwell. 


A diagram of this description is shown in fig. 100, and may be 
constructed as follows :— 

Take a vertical line, y, on any scale of forces, to represent 
the weight W; let ox represent P, and o y represent Q. Through 
x, 0, and y draw lines parallel to the flanges of the girder. Com- 
mencing at the left abutment, through « draw 2, parallel to 
diagonal 1; thenoa,=8,,andez,=8,. As aa, is the resultant 
of the stresses on diagonal 2 and bay G, by drawing «, x, parallel 
to 2, and «a, parallel to G, we get 2, ,=stress on diagonal 2, 
and w «,= stress on bay G. The dotted line o x, is the resultant, 
in magnitude, of S, and 8,, and it is also the resultant of the 
stresses on diagonal 3 and bay B. Through its extremities, 
o and 5, draw ox, and x, 7, parallel respectively to Band 3, then 
0%,=S,, and w,a,=5,. Again the dotted line x x, is the 
resultant of the stresses in G and 3, and it is also the resultant 
of the stresses on bay H. and diagonal 4. By drawing x x, parallel 
to H, and x, x, parallel to 4, we get— 


en et gS ~ . & 
go =Sy, and x, 27,=58,. 


Proceeding in this manner throughout, we get— 


or,=Bo, OF, =8p, ayey=S,, 2y2,=5,, 7, %=85 rer, =S, 


2 


Having thus found the stresses on all the members to the left 
of W, we can next find the stresses on the members to the right 


by drawing y y, parallel to 12, and proceeding exactly as before, 
when we get— 


4 
YU = Sia» Wy Ya Sin Yo Y= Syor Ys Vs So 
‘t a | Ae cfetks “4 
Yq, = By, 0%, =e; 0 Y3= Se, 02, =5p, 
Y Yo =Sxy YYs= Sy. 


As a check on the accuracy of the diagram, the last lime drawn, 
viz., ¥, >, should exactly meet at the point «,. 

183. Bow’s Method of Lettering the Parts of Figures.—In his 
Economics of Construction, Mr. R. H. Bow has introduced a 
new mcthod of lettering the parts of a truss, and of its reciprocal 
diagram, which possesses advantages of simplicity, especially 
when the reciprocal diagram is complicated. By this system it 
is easy to tell at a glance what line on the stress diagram repre- 
sents the stress on any member of the truss. Mr. Bow remarks, 
« This plan of lettering consists in assigning a particular letter to 
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each enclosed area or space im, and also to each space (enclosed 
or not) around or bounding the truss, and attaching the same 
letter to the angle or point of concourse of lines which represent 
the area in the diagram of forces. Any linear part of the truss, 
or any line of action of an external force applied to it, is to 
be named from the two letters belonging to the two spaces it 
separates ; and the corresponding line in the reciprocal diagram 
of forces, which represents the force acting in that part or line, 
will have its extremities defined by the same two letters.” 

This method of lettering is illustrated in figs. 101 and 102, 
which represent a similar truss and stress-diagram to those 
shown in figs. 99 and 100. The letters A, B, C, D, - - - - K, 
fiy. 101, are assigned to the spaces in, and the letters X, Y, and 
O to those around the truss. The designation of the diagonals 
corresponding to 1, 2, 3, - - - - 12, in fig. 99, will, according to 
this system, be X A, AB, BO, CD, DE, EF, FG, GH, HI, 
IJ, J K, and K Y respectively. The designation of the top bays 
proceeding from the left abutment will be X B, X D, X F, Y H, 
YJ, and those of the bottom bays proceeding from the left 
abutment will be O A, OC, OE, OG, OI, and OK. 
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Fig. 101. Fig. 102, 


The line in the diagram fig. 102 representing the stress on any 
member of the truss will have the same letters attached to its 
extremities as those which designate the member of the truss. 

Thus the stress on diagonal X A is represented by the line 
X A in the diagram, that on A B by A B, and go on. 

In the same way the stresses on the bays X B, X D, &c., are 
represented by the lines X B, X D, &c., in the diagram. 

The convenience of this notation will be at once apparent. 

Lxample 1—A Warren girder with six equal bays in the 
bottom flange is 90 feet span and 13 feet deep, and is loaded 
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with a weight of 20 tons resting on an apex of the top flange 
37 feet 6 inches from the left abutment. Determine the stresses 
on the diagonals and flanges of the girder. 

Analytical Soluteon— 


¢=90 fect, d=13 feet, «=375, a=15, W-=20 tons, 
§=30°, sec. d=1-15. 


90x h2°5 


Reaction of left abutment = aos 11°66 tons. 
: : 20 x 37°o 
Reaction of right ,, = - 0 == 8°33 tons, 


Stresses on diagonals to the left of weight— 
= 11-66 x sec 0= 11-66 x 1:15 = 13-4 tons. 


These stresses will be compressive and tensile alternately. 
Stresses on diagonals to the right of weight = 8°33 sec d= 9:58 
tons, which will also be compressive and tensile alternately. 
The stresses on the bays of the top flange taken in order from 
the left, and adopting Bow’s notation (see fig. 101), are— 


Sxy= Px : = 13°46 tons 


S.p=2Px 5 = 26-92 tons. 


Sy p= 3Qx “= 28-86 tons, 
Sy2=2Q x j= 19-24 tons. 


Sy ,=Q x = 9-62 tons. 
The stresses on the bays of the bottom flange are— 
1 a 
Soa 6 P x qu ois tons. 


Soc = ; P x “= 20-2 tons. 


So 1-3 P x 1777 83°65 tons. 
S.a= 59 x “= 24-08 tons, 
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Soi = ° Q x = 14:43 tons. 


] a 
Sox me Q x gurl tons. 

The stresses on the bays may be got more directly by the 
principle of moments, as explained in Chap. IV., Art. 56. Thus, 
for example, to find the stress on O E, take moments round the 
apex where W rests, and considering the left portion of girder, 
we get 


Son xX 18 = P x 37°53, 


Si 5 ane 
13 
which agrees with that already found. 

Graphic Solution.—In tig. 102, which is drawn to scale, take 
the vertical line Y X = 20 tons, the portion O X being :- 11°66 
tons the reaction of the left abutment, and O Y = 8°33 tons the 
reaction of the right abutment, and construct the diagram in 
the manner already explained. 

By scaling the lines in the diagram, the stresses on the various 
members of the truss may be found, and it will be seen that 
they correspond with those as determined by the analytical 
method. 

The shaded portion in fig. 101 represents graphically the 
stresses on the flanges; the ordinates of this diagram being 
drawn to a smaller scale than that adopted in fig. 102. 

If the web of the girder be a continuous plate instead of 
lattice bars, the flange stresses would be represented by the 
ordinates of the triangles ac 6 and a, ¢, 6). 

If the weight rest on the bottom flange instead of the top, the 
method of calculating the stresses both by moments and also by 
the stress diagram will be similar to that described. 

Example 2.—If, in the last example, a load of 20 tons be sus- 
pended at the points 1, 2, and 3 on the bottom flange in succes- 
sion, find the stresses on each member of the girder. Find also 
the stresses when a weight of 20 tons is suspended from each of 
these points simultaneously, or a total weight of 60 tons. 

This is a useful example for the student to work out; he 
should draw stress diagrains for each case. It is evident that 
when the three weights are suspended simultaneously the 
stresses will be the algebraic sum of those due to each weight 
taken separately. Table XX XIII. gives the required stresses. 
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184. Warren Girder Uniformly Loaded.—Suppose the load to 
rest on the bottom flange of the girder, as shown in fig. 103— 


Let n=number of bays in the bottom flange of girder, 
P = load on each bay, 
é=angle which diagonals make with a vertical line, 
m P =total load on girder = W. 


If the load be uniformly distributed along the bottom flange 
it will be equivalent to a weight P resting on each bottom apex, 

As half the loads on the bays adjacent to the abutments will be 
carried directly by the abutments 
themselves there will be (n-—-1) 
points on the girder upon each of 
which a weight P rests. Conse- 
quently, reaction at each abutment 





Fig. 103. "3 Yr. 


With this distribution of load the stresses on the diagonals 
increase pro rata from the centre, where they are a minimum, to 
the ends, where they area maximum. 

Any two diagonals equidistant from the centre will be sub- 
jected to stresses of the same intensity and of the same kind, 
and the stress on each will be equal to the load between it and 
the centre multiplied by sec #. 

The stress on diagonals ] and 2= use P see 4, 


TU — 
6 . 3 and a a 


Rand 6= "5° P sec 6 


P sec 4, 


33 ”% 


and 80 on. 

The stresses on the bays of the flanges are a maximum at the 
centre, and gradually decrease towards the ends. They may be 
found most conveniently by taking moments about cach apex in 


succession. 
Thus to find the stress on the bay A, take moments about the 


first apex on the top flange, and putting 
a=length of each bay, d=depth of girder, tan d= xp 
we get— 





n-] a n-1 
8, x d= 9 P a 5? or 8,=~g- P tan 6. 
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Similarly, we may find the stresses on the other bays— 


Ti —~ 
8,xd= 5 





Pea: or Sp=(n—1) P tan 4, 


S.2ds- net et Px! oe 2. 





ad 
S,xd="T- Px2a-Pxa, or 8, =2 (n— 2) P tan 8, 


RAwe = Ps «oP (f+ +), or B= P tan 4, 


S.xd ay Px3a—P(a+2a), or Sp=3(n—3) Ptan 8, 
and so on. 

For the truss shown in fig. 103, n= 6. 

The following table gives a summary of the stresses in this 
girder, 

The general equation for finding the flange stress at the centre 
of a girder of span / and depth d, loaded unitormly with a load W, 


is § mh In this equation, by putting 


W=6P, J=6a, jy = tan 6, we get— 
6Px6 
Soon, So ri x 5 =9 P tans, 


which agrees with the stress on the centre bay, as given in me 
table. 


TABLE XXXITa. 


 aehaaeiemeneieealanen caemmmneneanemtndabentainenabeihe 


Diagonals,, 1 ! 2 3 4 5 6: 





5P 5P 3 34, an 
Stresses, to sec 0 | mae) sec 0 | + 5 P sec 0 ~gi sec 0 ti nec 0 


Flanges, A D B E C 


. 
Stresses, ~;, P tan +5 Ptan é aS Ptané/+8 P tan @ - YP tand +9P 





It will be noticed that when two diagonals intersect at a loaded 
@pex of a Warren girder uniformly loaded, the stress in the 
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diagonal further from the centre exceeds that in the other 
diagonal by P sec 6, where P is the load on the apex; and 
further, that when two diagonals intersect on an unloaded apex, 
no matter whether the load is equally distributed or not, the 
stresses in the diagonals are equal in amount but of opposite 
kind; that is, one is compressive and the other tensile. 

Example 3.—A Warren girder similar to that shown in fig. 104 
is 60 feet span and divided into 11 equilateral triangles; a load 








Ni RnR TGR 

Al ie 
“apie f; 
A 







Fig. 104. Fig. 105, 
of 2 tons is suspended from each of the bottom apices. Write 
down a table of the stresses on the different members, and verify 
the result by means of a stress diagram. 
P=2tons, 9=30°, sec @=1:154, tan @=0°577. 

Substituting these values in the last table, we get the following 

table of stresses :— 
TABLE XXXIITb. 


AB BC CD 
Tons, Tons. Tons. 


~ 5°77 +3°'46 —~ 3°46 


CM EN BR 


Tona. Tous. Tons. 
~7°5 -9'8 +5°77 





Stress Diagram.—¥ig. 104 represents the girder lettered 
according to Bow’s method, with the addition that figures are 
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put at each of the apices for the purpose of more fully explaining 
the diagram. 

At the apices 3, 5, 7, 9, and 11 are suspended weights of 
2 tons; the upward reactions of the abutments 1 and 13 are 
5 tons. 

In fig. 105, which represents the stress diagram drawn to 
scale, take the vertical line L Q=10 tons, the total weight on 
the girder. Set off LM, MN, NO, OP, and PQ, each equal 
to 2 tons, and make LR = RQ = 5tons. L R will then represent 
the upward reaction of the left abutment, and RQ that of the 
right. 

By drawing L A and RA parallel to L A and R A respectively 
in fig. 104 these two lines will represent graphically the stresses 
on the first bay and the first diagonal of the girder. 

By scaling them, we get— 


S,,=AL= —- 2°88 tons, 
Sra=RA= +577 tons. 


The next apex in the girder for resolving the forces is 2, at 
which point three forces act, one of which is known, namely, the 
stresson RA. This stress is the resultant in point of magnitude 
of the stresses on the other two members. In the diagram draw, 
therefore, RB, AB parallel respectively to the corresponding 
members of the girder; these two lines will represent the stresses 
on the members. 

By scaling, we get— 


Sen=R B= +577 tons, 
S,s=A B= - 577 tons. 


Next take the apex 3. At this point there are five forces 
acting, viz. :—The stresses on the bays A L and C M, and those 
on the diagonals A B and BC, and also the vertical weight of 2 
tons. All these forces are known except two, which we now 
proceed to find. The dotted line B L represents the resultant of 
the stresses on the bay A Land the diagonal AB. Combining 
this resultant with the vertical load of 2 tons, which is represented 
by LM in the diagram, we get the resultant of the three known 
forces, which is represented by the dotted line BM. Resolving 
this resultant in the direction of the two unknown stresses by 
drawing MC parallel to the bay MC, and BO parallel to the 
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diagonal BC, we get the lines so drawn to represent the stresses 
on these members, and by measuring we get— 


Suc=M C= —~7°5 tons, 
S3o=B C= +3°46 tons. 


Next proceed to apex 4. The dotted line RC represents the 
resultant of the two known stresses, 2 Band BC; and drawing 
CD parallel to the dingonal C D, and RD parallel to the bay 
R D, we get— 

Sao=R D= +9-23 tons, 
Scy =C D= — 3-46 tons. 


The forces acting at the apex 5 are, like those at 3, five in 
number, and are treated in the same way. The dotted line M D 
in the diagram represents the resultant of the stresses on the 
bay MC and the diagonal C D, and the dotted line N D repre- 
sents the resultant of this latter resultant combined with the 
vertical load of 2tons. Resolving the resultant N D in directions 
parallel to the two unknown forces, by drawing N IE. parallel to 
the bay NE, and D E paraliel to the diagonal D E, we get— 


Svex N E= —9'8 tons, 
Sypex=DE= +1:15 tons. 


The dotted line RE in the diagram represents the resultant 

of the stresses on the bay RF andthe diagonal EF. Draw EF 

arallel to EF, mecting the line through R parallel to the bay 
R F at the point F, then we get— 


S.ry2=REF= + 10°38 tons, 
Sep= HF = -1:15 tons. 


The portion of the diagram above the line R F represents the 
stresses on the left half of the girder as just explained; and it 
will be noticed that these stresses agree with those given in the 
table. The stresses on the second half of the girder are exactly 
the same as those on the first half, and are graphically repre- 
sented by the portion of the diagram below the line RF. This 
may be constructed in exactly the same way as the upper portion, 
by starting at the point R and drawing RK parallel to the 
diagonal R K, and Q K parallel to the bay Q K, and proceeding 
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in the manner explained ; the last line drawn will be G F, and, 
as a proof of the accuracy of the diagram, this line should exactly 
intersect the line BR F at F. 

The lower portion of the diagram may also be constructed by 
commencing where we left off in the upper portion, namely, at 
the point F, and proceeding backwards ; in which case the last 
line of the diagram, namely, K R, should exactly intersect the 
horizontal line in the point R. 

The thick lines of the diagram represent the compressive 
stresses, and the thin ones the tensile stresses. 

The shaded portion of fig. 104 represents graphically the flange 
stresses on the girder. The dotted lines obtained by joining the 
centres of each step are parabolic curves. 

Another method which might be adopted for finding the 
stresses on the diagonals, is to consider each weight in succession 
and find the stress which it produces on each diagonal; then the 
total stress on each brace is equal to the algebraic sum of the 
stresses produced on it by each load. 

Calling the weights applied at 3, 5, 7, 9, and 11, P,, P., P,, P,, 
and P, respectively, Table AXALV. will explain this method as 
applied to the last example.’ 


TABLE XAXNXIV. 


ae 








Diagonals. P,. P,. Ps. Py. ae sae 

Total Load. 
| fons, «| Tons =| Tons. «| Tone, Tous. | Tons. 
RA +192 | 41:54 | +115 | 40°77 | 4038 | +5°76 
AB ~1:92 | -1d4 | -115 | -0-77 | -0-38 | -5-76 
BC | -O38 | +154 | +115 | +077 | +038 | +3-46 
CD +038 | -1:54 | -115 | ~077 | -0°38 | -3-46 
DE -0°38 | -O77 | 41:15 | +077 | +038 | 41°15 
EF +038 | +0°77 | -115 | -077 | -038 | -1-15 





 aaaabintentene a acmecienmnenennneerumnateennaainiaeamenl 


Example 4.—The Warren girder, shown in fig. 106, is 90 feet 
span and 7 feet 6 inches deep. It is divided into six bays of 
15 feet each, thus forming a series of right-angled isosceles 
triangles. Three weights of 5, 8, and 12 tons rest on the top 


248 BRACED GIRDERS. 


flange at the Ist, 3rd, and 5th apices respectively from the left 
abutment. Investigate the stresses on the various members. 


K 
P 
fons taset tons 
fof M ! N Joh” 
VLE TAIL AS Ei 
oe ee ee tL 


q 
Fig. 106. Fig. 107. 


Analytical Solution—Stresses on Flanges.—The stresses on the 
flange bays may be calculated by the method of moments. 


Reaction at left abutment = 10-16 tons. 
Reaction at right abutment = 14°83 tons. 


Taking moments about each of the apices in succession, start- 
ing from the left, we get the following :— 
Sigx 75=1016 x 7°5, or 8, = + 10:16 tons, 
Sppx 75 = 1016 x 15, or Sy p= - 20°33 tons, 
Soy x 75= 1016 x 225-575, or Soy = +250 tons, 
Sppx 7'5= 10-16 x 30-5 x 15, or Cp p= — 30°66 tons, 
Spy x 75 = 10°16 x 875-5 x 22'5, or Sea: +35°83 tons, 
Sp, x 7H= 1016 x 45-5 x 30, or ~ 41:0 tons, 
Soy % 7D = 14°83 x 37-5 — 12 x 22°5, or Sy y= + 3816 tons, 
Sap x7 = 14-83 x 80-12% 15, or Sy p= — 35°33 tons, 
Siw x 75 = 14-83 x 225-1275, or 8,y = + 82°5 tons, 
S,p x 75 = 14°83 « 15, or 8;p = — 29°6 tons, 
Sox x 75 = 14°83 x 75, or 85, = + 14°83 tons. 


Stresses on Webs.—The simplest analytical method of deter- 
mining the stresses on the diagonal braces is to find the stress 
for each weight acting separately, and then add or subtract the 
different stresses, as the case may be, in order to find the total 
stresses. This is done in detail in Table XXXV. 


6 = 45°, sec 6 = 1-414, 
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TABLE XXXV. 











Diagonal. | jqadof tous. | load of8tons. | loadotli tous |  ‘totalload” 
Tone eae Tone. Ton, 
AP —5'‘S8 - 5°63 — 2°82 - 14°35 
AB + 5°88 +5°65 + 2°82 +14°35 
BC +117 - 5:65 — 2°82 - 73 
CD ~1:17 +565 + 2°82 + 73 
DE +117 ~ 5°65 — 2:82 - 73 
EF -117 + 5°65 + 2°82 + 73 
FG +117 + 5°65 — 2°82 + 4:0 
GH -1lli — 5°63 + 2°82 ~ 4°0 
HI +117 + 5°65 ~ 2°82 + 40 
IJ -117 ~ 5°65 + 2°82 - 40 
JK +117 +5°'65 +1414 + 20-96 
KP -—117 - 5°65 ~14-]4 — 20°96 








Stress Diagram.—Take the vertical line O L (fig. 107) = 25 tons, 
the total weight on the girder, set off ON = 12 tons, NM 
=8 tons, and ML=5 tons. Take the point P so that PO 
= reaction of right abutment = 14:83 tons, and P L=reaction of 
left abutment = 10:16 tons. The stress diagram is constructed 
as already explained. 

185. Semi-Girders Loaded at their Extremities—Fig. 108 re- 
presents a cantilever of the Warren girder type, one end of which 
is fixed to a wall or other support; and from the other extrem- 
ity a, a weight W is suspended. At the point a there are three 
forces meeting, namely, the stresses on 6a and ac, and the 
vertical weight W. Draw the vertical line aa, to represent the 
weight W ; through a, draw a, a, parallel to ac meeting 6 @ pro- 
duced in a,; the lines aa, and a,a, will then represent the 
stresses on the diagonal ba and the bay ca, the first being ten- 
sile and the latter compressive. 
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If @=angle which a diagonal makes with the vertical, we get— 


Sas =@a,= W sec 8, 
Sac= a, d,= W tan 9. 


Tf we continue the process of resolving the forces at the 
different apices 6, c, d, &c., taken in succession (as explained in 
Art. 182), we can find the stresses on all the members. It will 
be found that those on the diagonals are equal in amount but of 





Fig. 108. Fig. 109. 


different sign. It will also be seen that at each apex the flanges 
receive successive increments of stress = 2 W tan @, and also 
that the stress on the first bay of the top flange = 2 W tan @ 
This being so, the stresses on the bays of the top flange, com- 
mencing at the right-hand end, are— 


2 W tan 6, — 4 W tan 6,-6 W tan 4, &e., 
and those on the bottom flange are— 
+ W tan ¢,+3 W tan 6, +5 W tan 9d, &e 


so that if »=number of the diagonals between any bay and the 
weight, the stress on that bay = +n W tan 0. 
The general expression for the stresses on the diagonals is 


Satay. = £ W sec 8. 


Example 5.—A cantilever similar to that shown in fig. 108 
is 16 fect long and 2 feet 3inches deep. It is loaded with a 
weight of 20 tons at its extremity. What are the stresses on 
the different members? Verify the result by means of a stress 
diagram. 


~ = length of cantilever = 16 feet, 
¢, = length of each bay = 4 feet, 
d@ = depth of girder = 2:25 feet, 
W = weight at end = 20 tons, 
2 « a 


sec 6 = 1°338, 
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This is an example of a girder in which the lattices do not 
make a common angle with the vertical. 
Stress on lattices = & W sec @= £20 x 1:338 = + 26-76 tons, 


Sax = W tan $= +17-77 tons, 
Spx=2 W tan 6= — 35°55 tons, 
Soy =3 W tan d= + 53-33 tons, 
Spe = 4 W tan 0= -— 71-10, 

Sez = 9 W tan d= +8888, 

Sex «6 W tan d= - 106-66, 
Sa; 27 W tan d= + 124-44, 
Sin = 8 W tan d= — 142-20. 


Stress Diagram.—In fig. 109 take the vertical line JK to 
represent 20 tons. Draw J A parallel to the bay AJ, and K A 
parallel to the diagonal A K; then these lines will represent the 
stresscs on these members, and scaling them, we get— 


Say = Ad = + 177 tons, 
Sxaz KA= — 26-7 tons. 


The further construction of the diagram is carried out in the 
usual way, and the stresses on the different members of the 
girder are represented by the lines similarly lettered. It will 
be found by scaling these stress lines that they give the same 
results as previously found. 





Fig. 110. Fig. LL. 


Example 6.—The cantilever shown in fig. 110 is composed of 
equilateral triangles, a side of each triangle being 8 feet. A 
load of 5 tons rests on the extremity of the top flange and a 
weight of 7 tons at the centre. Determine the stresses on the 
girder. 

@ == 30°, sec 6 = 1:154, tan 6 = 0-577, 


d = depth of girder = ,/8? ~ 42 = 6-93 feet. 
The stresses on the members to the right of the load of 7 tons 


are not affected by this weight. 
The stresses on the four diagonals to the right of the central 
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load are each equal to+5 x sec 9=+5-77 tons, the stresses on 
AJ and BO being compressive and those on BA and DO 
being tensile. 

The stresses on the diagonals to the left of the central load 
are each equal to +(7+5) sec 6= £13848 tons, those on E D 
and GF being compressive, and those on FE and HG being 
tensile. 

The stress on the flanges may be most conveniently deter- 
mined by taking moments about the apices in succession, from 
which we find— 


Saprd=5 x 4, or S,,= — 2°88 tons, 
Spa x d=5 x 8, or Sy; = + 95-77 tons, 
Sop xd=5 x 12, or So, = — 8:66 tons, 


Sp ix d=5 x 16, or Spy; = + 11-55 tons, 
Sex x d=5 x 20+7x 4, or Spy = ~- 18°47 tons, 
Sey xd=9 x 2447x 8, or S,; = + 25-4 tons, 
Son x d=5x 2847 12, or 8; , = ~— 32-32 tons, 
Su7xd=9x334+7 x 16, or 8,3 = + 39°25 tons. 


Stress Diagram.—F¥ig. 111 is the stress diagram for this 
girder, and may be constructed as follows :—On a vertical line 
set off J L=5 tons and LK=7 tons. The diagram of stresses 
for the right half of the girder is constructed in the manner 
explained in the last example. When we reach the centre apex 
of the girder on which the load of 7 tons rests we find that 
there are five forces acting, namely, the stresses in the two 
diagonals, those on the two bays meeting at the apex, and also 
the vertical load of 7 tons. The dotted line DL represents 
the resultant of the stresses on the diagonal DC and the bay 
CL; and the dotted line DK represents the resultant of the 
stresses on these two members, and the vertical load of 7 tons; 
through its extremities draw DE parallel to the diagonal DE 
and K E parallel to the bay KE, these two lines will then 
represent the stresses on the two members. The remainder of 
the diagram does not need further explanation. 

186. Cantilever Loaded Uniformly.—The bottom flange of the 
cantilever shown in fig. 112 is loaded with a uniformly distributed 
weight of P resting on each panel. 

This load may be siiienad. to be suspended from each apex of 
the bottom flange, in the manner shown. The end apex carries 
only half the load on the panel, or } P. 

Stresses on Diagonals.—If each weight be supposed to act 
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alone it will produce stresses equal in amount, but of opposite 
sign, on all the diagonals between its 
point of application and the abutment; 
and the amount of this stress is equal 
to the weight multiplied by the secant 
of the angle of inclination of the diagonal 
to a vertical line. 

Thus the weight 4 P produces a stress Fig. 112. 
= +4 P sec é on all the diagonals of 
the cantilever. The next weight produces a stress of + P 
sec @ on diagonals 3, 4, 5, 6,7, and 8 The third weight pro- 
duces a stress = + P sec 6 on the diagonals 5, 6, 7, and 8, and so 
on. The diagonals to the right of a weight are not affected by 
it. Consequently, when all the weights act simultaneously on 
the girder, the total stress on any diagonal is obtained by adding 
together the stresses due to each individual weight when acting 
alone. 

Table XXXVI. gives the stresses on the diagonals. 





TABLE XXXVI. 


Diagonals, 1 | 2 3 4 5 6 7 | 8 


3 5 f 7 
+5 se 0 - eed +5 Poecd ~ 5 Paecé +P sec - Pec é +7P s0cd 


P 
Stressors, | 74 sec 8 





Ee mmeaaiael 





Generally speaking, if »=number of the weights, P, between 
any diagonal and the free end of the cantilever, the stress on 
that diagonal is represented by 


Sune =P sec 0. 


Thus, for diagonal 6, 
n= 24, 


i) 
en S wing. = 5 Pp 8ec 0. 


on the Flanges.—The stresses on each bay of the 
flanges is obtained by adding together the stresses produced on 
such bay by each weight when it acts separately. It has been 
shown that, with a single weight, P, acting on the extremity of 
the cantilever, the increment of stress on each successive bay of 
a flange=2Ptan¢ When all the weights act on the girder 
simultaneously, the increment of stress on each successive bay is 
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not a constant quantity, the increment increasing with each 
successive bay. 

Let n=number of the bay measured along its flanges from the 
free end of the cantilever. 

Then, for the bottom or loaded flange, the stress on a bay is 
represented by 


Sith bay = {n (n- 1) 4+ 4} P tan @ ) 
and, for the top or wzloaded flange, by 
Shun may = 27 P tan 9. 


Applying these formule to the example under consideration, 
we get— 


TABLE XXXVIL 


___, rereeaenreremnapetmee eee ine a 1 ta ee EO At nN CEP TCT OCTET PN tnt NEE TO RASTER ELEGANCE Te ne Ht 


Fianves, A B 0 D E r CE i 











A 13 wh 
Stross, 5 tang eee lak +), Ptan?| -Ptand |-4P tan 9|~9 P tan @|~1¢ Ptan ¢ 





ce rete tet EAL RAE OTOL OR PAP 2 fC CEEN RANTING RO AP CAE SEPT SN N  NS N Nea 


These stresses on the flanges may be verified by the principle 
of moments, thus— 
Let a=length of a bay, 
d= depth of girder, 
tan 0=, 
pea 3 
To find the atress on the bay F, for example, take moments 
about the point of intersection of diagonals 4 and 5, and we 
gel— 


S,xd=3, x2a+Pa=2Pa, 


a 
me es eee 
or Bp=4 5 a7 4P tan 6. 


In the same way the stresses on the other bays may be 
verified. 

From the foregoing description, the studer.t will have no 
difficulty in determining the stresses on a cantilever, when 
loaded on the top instead of the bottom flange. 

Example 7.—The projecting arm of a swing bridge is sup- 
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ported by two Warren cantilever girders 40 feet long and 8°66 
feet deep of the form shown in fig. 113, 
The dead load of the bridge=1} tons 
per foot and the live load={ ton per 
foot; the load being applied by cross 
girders resting on the top apices of the 
main girders. Determine the stresses 9 
on the various parts of the cantilever. Fig. 113. 





Dead load on projecting arm = 40 x 11 =50 tons, 
Live ,, sg » =40x #=30 tons. 


The total distributed load, therefore, on bridge = 80 tons. 

This is equivalent to a load of 40 tons on each cantilever, or 
10 tons on each bay. 

Distributing this on the apices we get a load of 10 tons on 
each apex, except the end one, which has a load of 5 tons. 


6 = 30°, sec @== 1-154, tan @=0°577, P= 10 tons. 


The stresses on the diagonals and flanges may be found from 
the tables last given. remembering that the load is applied at 
the top instead of the bottom flange. 


TABLE XXXVIII. 


| Diagonals, AJ AB BC CD DE EF | FG GH 
Tous. | Tons. | Tons, | Tons. | Tons, | Tons, |; Tons. | Tors. 

Stresses, 4577 -—S°7T jf 41731] —17'3) | 428-85 | 28°35 4040 | ~404 
Flanges, AL CL EM GN BJ DJ | FJ HJ 


Tons. Tons. Tons. Tons. Tons. Tons Tons. Tons. 





Stresses, —2-88 | -1440 | -o74i | -—720 $O7F $25 8 | +5193 +9232 


The flange stresses may also be found by the method of moments. 
Thus, to find the stress on the bay of the bottom flange next the 
abutment, we get, by taking moments round the point of inter- 
section of the diagonal next tne abutment with the top flange— 


Pays x 866=10 {10+ 20+ 30} +5 x 40 = 800, 
or Sarg = 99°31 tons. 


187, Warren Girders with Vertical Bracings.—Fig. 114 is an 
example of a Warren girder with vertical bracings arranged for 
a load resting on the boitom flange. When the cross girders of 
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a bridge not only rest on the apices of the girder but also on the 
centres of the bays, bending moments are produced in the latter, 
which, if possible, ought to be avoided, especially if the bays be 
long; the vertical braces are introduced with the object of 
preventing this bending action. When the Joad is carried on 
the bottom flange all the verticals are in tension, and the stress 
on each will be equal to the load transmitted by the cross-girder. 
When the girder shown in fig. 114 is loaded uniformly on the 
bottom flange, the effect is precisely the same as if all the apices 
in both flanges were loaded, and the method of calculating the 

stresses is similar to that already explained. 
Example 8.—A railway bridge carrying a double line 1s 90 feet 
span, and is supported by two main Warren girders of the type 
shown in fig. 114; the 


vRERE @rAaVAVO eee isda of the pai 
w IN D is \x are divided into six bays 
m ON EAN: of 15 feet each, and the 
4 ® § depth of the girders is 7 
Fig. 114. feet 6 inches. The cross- 
girders are supported on 
the bottom flange and are spaced 7 feet 6 inches apart, resting 
on the apices and the centres of the bays. If the dead load of 
the bridge, including the permanent way, be equal to 1} ton 
per foot, and the live load for each pair of rails be 13 ton per foot, 
find the stresses on, and draw a stress diagram of the main 
girders when the bridge is fully loaded. 


Dead load on bridge = 90 x 14 = 112°5 tons, 
Live load on bridge = 90 x 2% = 247-5 tons, 





Total load on both main girders = 360 tons, 
Total load on one main girder = 180 tons. 


This is equivalent to 11 loads of 15 tons each resting on the 
bottom flange of each 


A r girder; and as the ver- 

Yt ——— nn ee tical members transmit 
| nT nTsesews - the loads on the centres 
T_T ina anr Of the bays to the top 
SSS ae i 2 apices, the effect on the 
os K girder will be the same 
Fig. 115, as if 5 loads of 15 tons 

each rested on the bottom 


flange, and 6 loads of the same amount rested on the top flange, 
ell the loads being applied at the apices. 
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The supporting forces at each abutment = 82-5 tons. 
g= 45°, tan = 1, sec 0= 1-414. 


The girder being loaded symmetrically, the stresses on the 
right half are precisely the same as those on the left. 

Flanges.—The stresses on the flanges are most readily deter- 
mined by the principle of moments. 


S,ap=— 82:5 tons, 
Spre= +1500 ,, 
Soy 2025 =, 
Sp g= t+ 240-0 ” 
Sen= — 26255 _,, 
Ser = +2700 =, 


Diagonals.—The stresses on the diagonals may be found by 
calculating the stress on each, for each load taken in succession, 
and taking the algebraic sum 

In order to distinguish the different loads, let them be desig- 
nated by P,, P., P,, &c. The following table gives the stress on 
each diagonal produced by each load, and also the total stress 
when all the loads act simultaneously :— 


TABLE XXXIX.—Srresses on DIAGONALS. 









l 
P, Py | Po | Bu 


S nmenetteinamert he ane emmeamenal 


Total 
Stress. 





PrP, | Ps | By | Ps Pe | Pr 
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AW + 19°44) +17 G74 16°00} 4- 14°12) +1237} + 10 60) +883 | +7°07 | 45°30, +323) +176 |+116°6 
AB + 176-17 a eee - 14-12) —12°37] —10°60} —8'83 | ~7-07 | —5°0) —3 53) ~176)— 95-4 
BO — 1°76) -- 3°53'416°0 |-4-14°12) +12 37) +10°60)+ 8°83 | +707 | +530] 43°53) +1°76)+ 74:2 
CD + 176+ cals 5°30; = 14°12} - 12:37) — 10°60; —8'83 | — 7°07 | —6°30| —8°53 | 1-76 |— 53 
DE ~ 176) ~- a: 530i\— 707141237 41060) +883 | +7-07 | +5:30) 43:53) 4+1:761+ 318 
EF + 170,+ 3334 ee TOTi+ sea] 60} —8°83 | —7:07 | —5°30 Begiad ek ~ 106 





It will be seen from the table that the stresses on the diagonals 
vary from 10-6 tons at the centre to 116-6 tons at the ends of 
the girder; and that the increment of stress for each diagonal as 
we approach the ends is 21-2 tons, or twice the stress on the 
centro diagonals. It will also be observed that the stress on 


17 
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any diagonal is equal to the load between it and the centre of 
the girder multiplied by the secant of the angle of inclination 
which the diagonal makes with a vertical line. For example, 
the load between the diagonal BC and the centre of the girder 
is 52-5 tons, so that 


Ss 0 = 52°5 x SeC 45° = 74:2 tons, 


which agrees with that given in the table. 
Fig. 115, which is drawn to scale, represents the stress diagram 
of the girder. 


CHAPTER XIV. 
BRACED GIRDERS—continued. 
Latrice Ginpers—LIinvitte Trusses. 
188, Definition —The term “lattice girder,” in its most general 
sense, is applied to all braced girders, that is, girders whose webs 
are composed of inclined or vertical braces or lattices. In a 
more restricted sense, however, a lattice girder is usually under- 


stood to be one whose web is composed of two or more systems 
of the Warren type. Fig. 116 is a lattice girder of a double 


Xx 


Fig. 116, Fig. 117. 
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system of triangulation. One system being abedefg and the 
other a, 6, ¢, d, ah 9, Each of these forms a complete Warren 
girder in itself. The two end vertical members, aa, and 9939 
are called the end posts or pillars, and they serve to transmit 
the upward reactions of the abutments equally to the two 
systems, one-half of the abutment reaction being direct! y trans- 
mitted through the vertical pillar aa, while tho other half is 
resolved along the diagonal a 6. 

189. Stresses on Lattice Girders.—From what has been said 
on the subject of Warren girders, there will be little difficulty 
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in determining the stresses on girders of this lattice type, it 
being only necessary to consider each system of triangulation 
separately. 

When a lattice girder of a given span and depth is loaded 
uniformly, the stresses on the braces are inversely proportional 
to the number of systems of triangles in the web. For example, 
the stresses in the braces of a girder like that shown in fig. 116 
are approximately one-half of those in the corresponding braces 
in a girder of a single system, or Warren girder; while in a 
girder of a quadruple system, like that shown in fig. 117, they 
are approximately one-fourth of those in a Warren girder. 

Lattice girders usually have vertical members situated at 
certain intervals along the girder. These are introduced with 
the object of distributing the load between the top and bottom 
flanyes, and also of giving lateral stiffness to the girder, and 
need not, as a rule, be considered in calculating the stresses. 

The flange stresses on lattice girders may be determined by 
the method of moments, but the calculation of the stresses by 
this plan is not so simple as in the case of girders with a single 
system of triangulation. For example, let us consider how to 
determine the stress on the bay ¢,d (tig. 116). By drawing a 
vertical line, A B, through this hay, it will be seen that the por- 
tion of the girder to the left of the line, A B, is held in equi- 
librium— 


(1) By the reaction of the left abutment ; 
(2) The vertical loads acting on a, A Ba; 
(3) The stresses in the bays ¢,d and ed,; and 
(4) The stresses in the diagonals ¢ d and ¢, dj. 


And in order to determine the stresses in the flanges we must 
first know the stresses in the diagonals. If, as is frequently the 
casc, the stresses in the pair of diagonals be equal to each other, 
then the moments of these two forces neutralise, so that they 
need not be considered, in which case the determination of the 
flange stresses is a simple matter, at least in girders of this type. 
In dealing with lattice girders, no matter how complicated the 
system of triangulation, the readiest method of determining the 
stresses is by drawing a stress diagram for each system and 
adding the results together. . 
Example 1—A bridge 60 feet span is supported by two lattice 
girders of a double system of triangulation. The girders are 
10 feet deep, and each flange is divided intu six equal bays of 
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10 feet. Ifthe dead load on the bridge be equal to 14 tons per 
foot, and the live load to 1 ton per foot, determine the stresses 
on the girders when the bridge is fully loaded. 


Dead load on bridge=60x 14= 90 tons. 


Live ss » =60x1l = 60 ,, 
Total _,, - =150 ,, 
Total load on each girder = 75 ,, 


This is equivalent to loads of 12:5 tons resting on each apex 


on the bottom flange (sce fig. 116). 
The girder may be supposed to consist of two Warren girders, 


namely, abedefg and .,-.,-,-,-,,,5, the first being loaded 
with two weights of 12:5 tons resting at the points ¢ and e, and 
the second being loaded with three weights of 12:5 tons resting 
at b, d, and /;. 
Considering each one separately we get for the first system— 
Sas= + 12:5 sec 0= +17°67 tons=5,,, 
8,,.= —12°5 sec o= — 17°67 tons=S,,, 
Scag = Dae = 2Cr0, 


S,.= —12°5 tons =S, ,, 
S,4= +25 tons=8,, 
S,.= —20 tons ; 


and for the second system— 
84,5 7 18°75 sec 6 = — 26°51 tons= 8, 53 
S,, <, = +620 sece = + 8-83 tons =8, ,, 
S, a, = ~ 6°20 sec @ = - 8-83 tons=8,.., 
3.14 = +1875 tons =, 2 
3.4, = 7 25 tons =8, ,, 
B,, = +3125 tons. 


Having thus determined the flange stresses for each system 
separately, we must add them together where the stresses, so to 
speak, overlap each other. Thus, for example, as the stress on 
the bay bd is 25 tons, and that on c, ¢, is 31:25 tons, the total 
stress on the bay c,d (which is common to both) must be equal 
to the sum of these stresses, viz., 56°25 tons. 

Table XL. gives the complete stresses on the girder. 


261 


STRESSES ON LATTICE GIRDERS. 





| | 
GZO- ST + |GG9- ST — |SG9- OF + |269-OF — leat.e8 + saves — (GS-86 + S0L-€9 — G29. OF + 10S9-0F — eet + 'CZ9-C[ —| ‘Ssessaryg 





7 
5 
‘ 
i 
t 
' 














| 
Us | BY | fle Ya tap | atp | ply : tpo : Ing | ol | t ‘soRuepy 
60-28 -| 60-26+| S&ET+] EL-| THP- | 1FF+ = r+ ean ‘ oz.€1- : 60 sansangg 
! ! l 
| | 
fa | latp | ap | tplo ' pa | big 9q | tq | » |‘speuoderq 


wy | bs | fla 






sare apa g. 16 - ee Ges GZ.99+ | 009- iGSLept , $.lE- eL-8t+ G-Z1— | ‘80880195 





Sher | ate ! 
% : | | | | | 
i bY ? f'a | Va | la p | a Ip ty | tp a | To q | a? 1g » ‘shag | 
fe 
TS- 93 — out €8-8+ : L9-LE- | €8-8- 0 £8-8 — , 2 £8. 8+ ‘L9.L1- 1s. 9Z- | LO-LI+ | “sevsangg 
| | | ati 
wy | Gf  Yfta ly | 1g Up ap ee | Int | | Tq Up qv |*speuosriq 
} | ‘ 





"SIVOILUAA LOOHLIAM SUAGUIT) ZILLVI—"TX ATAVL 


’69 BRACED GIRDERS. 


It will be noticed that in this example the stresses on the 
intersecting diagonals are not equal, also the stresses on the top 
and bottom bays opposite each other are unequal. This in- 
equality will be removed if a number of verticals be introduced 
into the girder. The function of these verticals is merely to 
distribute half the loads resting on the bottom apices to the top 
apices, and also to give external stability to the girder. With 
this arrangement the girder may be considered as loaded with 
weights of 6:25 tons resting on both the top and bottom apices, 
and the only direct stress in the verticals will be a tensile one 
equal to 6:25 tons. Of course this is the theoretical view of the 
case, and the assumption is a convenient one. In practice it is 
difficult to say how much direct stress really passes along the 
verticals. This question is, however, practically unimportant, 
and does not materially affect the general result. We may 
therefore assume that each of the Warren trusses, into which 
the girder may be separated, is similarly loaded, there being 5 
loads of 6:25 tons resting on each. The stress on each of the 
end pillars will be 15°625 tons, and Table XLI. gives the stresses 
on the lattices and flanges. 

The advantages derived from the introduction of the vertical 
members is apparent by comparing Tables XL. and XLT. In 
the first the maximum stress on the lattices is 26°51 tons, as 
against 22:09 tons in the second; while the maximum stress on 
the flanges is 56°25 tons, as against 53°125 tons. 
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190, Linville Trusses.—The form of truss shown in fig. 118 is 
generally known as the Lin- 
ville truss from the name of its 
inventor. It is a very useful 
and economical form of girder, 
and is largely used both in 
Fig. 118. this country and in America, 
either in the single system of 
triangulation (as shown in the figure), or in the double, triple, 
er quadruple systems. 
hen this truss is loaded either on the top or bottom flange, 
the vertical braces will be in compression and the inclined ones 
in tension. In this respect it has an advantage over the Warren. 
girder, as it is‘always best to have the long braces in tension. 
, Ef the truss be inverted the nature of the stresses on the 
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bracings will be reversed, the inclined brace being in compression 
and the vertical ones in tension. It is unnecessary to remark 
that a girder of this type is not so economical. 

191. Linville Truss Loaded with a Single Weight at the 
Centre.—Let the girder shown in fig. 118 be loaded with a single 
weight, W, resting at the centre of the top flange. 

Let @ = angle which inclined braces make, with the vertical. 

Reaction at each abutment = = 

From the explanations already given, it is evident that there 
18 a compressive stress equal to “y On all the vertical members 
except the central one which is exposed to a compressive stress 
equal to W. It is also apparent that the stresses on the inclined 
bars are all tensile and equal to each other, and that this 


W 
stress = --; sec 6. 


Flanges.—By resolving the three forces acting at the point a, 
we get— 


W 
8.4= + ny tan é. 


: . W 
The increment of stress at each successive apex is i tan 9. 


We, therefore, have the following stresses on the bays :— 


TABLE XLIL 


ante pamml 


Flanges, ai &7 43 | 76 | $2 65 





Stresses, abl tan @ -3 tan 6} -4+W tan é@| — W tan @ +5Wiao 3 Wtan 6-+2W tan 6 


i 


192. Truss Loaded with a Single Weight at any Point.—If the 
weight rest at the apex 2,, P 

instead of ut the centre, the 
form of the girder will be as 
shown in fig. 119. 





Fig. 119. 
The stresses on the vertical braces to the left of W = + P. 
5 4 right , =+Q. 
- inclined 55 left , =-FP see é. 
y9 ” right "eae Q seo 8. 
The stress on the vertical brace at W= + W. 


+9 


» 
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The stresses on the flanges are given in Table XLIITI. 


TABLE XLII. 


op Flange, a4 43 82 21 12; | 213) 3; 4; 4,5 
Stresses, . | +Ptand/+2Ptan@+3P tan dé +4 Ptandgi+5TP tan 943 Q tand)+2Qtan§ +Q tan 6 
BottomFlange,| 87 76 65 | 56, 6474 7,8) 


Stresses, ianeee -2P tan -8Ptund]~¢Ptand—2Qian) - Quand 


Example 2.—A Linville truss (fig. 120) of six equal divisions 
is 60 feet span and 10 feet deep, and has a load of 8 tons resting 


on the apex 10 feet to the left of the centre. Determine the 
stresses on the truss and draw a stress diagram. 


6=45°, tang=1, seco=1-414. 


Reaction of left abutment P = 5-33 tons. 
» ‘ight ,, Q = 2°66 tons. 


The stresses are given in Table XLIV. 
The stress diagram is shown in fig. 121, which is drawn to 
Bcale. 





Fig, 121, Fig. 122, 


Example 3.—If in the last example an additional load of 
6 tons rest on the apex 10 feet to the right of the centre, 
determine the solution. 

Fig. 122, which is drawn to scale, represents the stress 
diagram, By scaling we get the results given in Table XLV. 
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193. Linville Truss Weighted with an Evenly Distributed Load. 
Case I.—First suppose the number of bays to be even. Fig. 123 
represents a Linville girder divided into 8 equal bays. 


Let /=svan cf girder, 
a= length of each bay, 
d= depth of truss, 
=angle which the inclined braces make with the vertical, 
P=external load on each panel. 


Suppose the load to be applied to the top flange of the girder, 

we have, therefore, down- 
Pp P P P P P ward vertical external forces 
Foe, equal to P acting at each of 
the apices a@,, a, ds, ay and 


P 
: 














A & & & & 2, 





downward forces equal to = 


2 
Fig. 123. acting at each of the end apices 

a, d. 
The vertical reactions of the abutments at b and b = 4P; 


r : 
but as = acts downwards ata and a, the net upward reaction 
tal 


at each of these points will be ; 


Vertical Posts.—By reasoning in a manner similar to that 
already used, we get the compressive stress on the centre post 
a,b,=P. One-half of this stress is communicated by means of 
the inclined braces }, aj, b, a, to each of the posts a, 6, and a, b,, 
and these posts have in addition the stresses P, P which are 
communicated directly to them by the louds on the apices at 
da, A, 80 that the total compressive stress on each of these 


posts = ; P. In the same way it may be shown that the 


: Hy) 
total compressive stress on each of the verticals a, 6, = 5 Ps 
ey 
i 
; ” ” a 6 =4P. 
Diagonal Braces,—The stress on each of the diagonal braces 


P, 


? ”? 9) 


arising from the central weight P= =A sec @ 
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The stresses on each of the diagonals b,a,, b,a, and b,a, arising 
from the weights resting at each of the apices a, and a,= —P 
sec 6. These weights do not affect the central diagonals 6,a,. The 
stresses on each of the diagonals 6, a,, b,a,, and 6,4 arising from 


the three central weights will therefore be equal to — ea Sec 0. 


In the same way it may be shown that the weights at each of 
the points a, and a, add an increment of stress to the diagonals 
é,a, and 6,a, while they do not affect the diagonals between 
these points and the centre of the girder. 

Again, the weights at the apices a, and a, affect only the two 
end diagonals, giving to them an additional stress = P seco. By 
adding together all the stresses produced on a diagonal by the 
different weights we get the total stress on this diagonal. 

Flanges. — The stresses on the flanges may be found in a 
similar manner to that explained for Warren girders, so that it 
is not necessary to repeat the process. The maximum stress 
occurs in the two central bays of the top flange and equals 
8 Ptan 6 The minimum stress occurs at the two end bays, 6 b,, 
of the bottom flange, and is eqnal to zero. 

Theoretically, the truss is complete without these bays, and 
also without the two end vertical posts al; but practical con- 
siderations are usually in favour of their retention. 

The stresses on the girder are given in Table XLVI. The 
load being symmetrical, the stresses on the two halves of the 
girder are the same. 

If the loads rest on the bottom apices the stresses on the 
different members of the girders will be exactly the same, except 
those on the vertical posts, the stresses in each of these being 

) 
diminished by the amount : ; there will be no stress on the 
central post, which consequently will not be required. 

In the general case where n = number of bays in the truss, the 
reaction at cach abutment =" Pp; 

The stresses on the vertical posts, reckoning from the centre 
towards the ends, with girders loaded on the top, are— 


7 
P, e > sae 8 


The stresses on the diagonal braces, reckoning the same 
way, are :— 
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1 3 5 7 
= 6 = is 
g P sec 0, a P sec 8, g P sec 0. a P sec 8, 
n—l 
> = ba —z— P sec 0. 


The stresses on the flanges, reckoning from the abutments 
towards the centre, and neglecting the first bay in the bottom 
flange on which there is no stress, are :— 


a P tan 9, (n— 2) P tan 9, as P tan 9, 
2 
2(n-4) Ptan@ - - - me tan 0 


These expressions for the flange stresses are found by taking 
moments about the apices. For example, to find the stress in 
the third bay in the top flange, we get— 











Sey ee Px3a- Px8a=2@—9) Pa, 
_3 (n-3) a _3(n—-3) 


If the girder contain 16 equal bays, the stress in the centre 
2 
bay of the top flange = tan 6= 32 P tan @. 
194, Case IZ—If the girder be divided into an odd number of 


bays, as shown in fig. 124, both its construction and the stresses 
on it will be slightly modified. Theoretically, there is no neces- 


A 


a a, 


Pp 
% 
a 





Rey 
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X<-9 

wt 


Fig. 124. 


sity for any diagonal braces in the centre bay of the girder with 
a uniform load. It is customary, however, to insert two, as 


shown by the dotted lines a, 6 and a, 4). 
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The stresses on each of the central verticals a, 6, and a, b, will 
be equal to P, and the increment of stress on each of the others 
taken in succession towards the abutments will be equal to P. 

Table XLVIT. gives the stresses for the girder. 

If the load rest on the bottom flange the stress in each of 
the vertical members, except those over the abutments, is 
diminished by the amount P, while the stress in each of the end 
verticals is diminished by 4 P. 

Fig. 125 represents a torin of Linville truss which is commonly 
employed for bridges of large span. The inclined braces, instead 
of joining the top of one vertical stay to the foot of the next, is 
carried to the foot of the next but one. This converts the girder 
into two simple Linville trusses, the number of the diagonal 
and vertical braces being doubled, and the stresses on them 
reduced to one-half of what 
they would be if only a 
single system were em- 
ployed. 


d Os 0n Os tle Wg eae 
WAANAARDS YYW VV 
INSSSSSS502222700771 
BY Uy Oy Oy Oy Og Oy Uy On MY j 

If this girder be loaded Fig. 195. 
uniformly along the bottom 
flange by weights equal to P resting at each apex, Table XLVITII. 
will give the stresses on the various members of the truss. 

With a uniform dead load there is no stress on the diagonal 
braces shown by dotted lines at the centre of the girder; how- 
ever, with a rolling load they are subject to stresses, and are 
conscquently introduced. 

Example 3.—A bridge, 100 feet span, is carried by a pair of 
Linville trusses, each of which is 10 feet deep and divided into 
10 equal bays. If the weight of the bridge fully loaded be equal 
to 2 tons per foot equally distributed, determine the stresses ; 
the load resting on the top flange. 









Total load on the bridge = 100 x 2 = 200 tons, 
- » each girder = 100 x 1 = 100 tons. 


This is equivalent toa load of 10 tons for each panel, or 9 weights 
of 10 tons each resting on the bottom apices, and 2 weights ot 
5 tons each resting directly over the abutments. 


The net upward reaction at each abutment = 45 tons. 
The inclination of the diagonal braces to the vertical = 45°. 


geo 45°=1414; tan 45°= 1, 
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The stresses are given in Table X LIX. 


* TABLE XLIX. 
Vertical Posts, AB CD EF GH 
Stresses,. . .| +450 +35°0 +250 +15°0 
Diagonal Braces,}; AO BC DE FG 
Stresses,. . .| -63°03 | -49°49 | -35:35 | -21-21 
| Top Flange, . AJ CK EL GM 
Stresses,. . .| +450 + 80-0 +105°0 +120°0 
Bottom Flange, BO DO FO HO 
| Stresses, . .| -45°0 | -80°0 | -1050 | -120°0 





| 


Example 4.—A railway bridge, 80 feet span, is carried by a 
pair of Linville girders 8 feet deep and divided into 10 equal 
divisions. A uniform dead load of 80 tons is distributed over 


BGS S07 a8 FOS 





the platform which rests on the bottom booms of the girders. 
A rolling load consisting of a train of waggons weighing 1 ton 
per foot comes on the bridge from the left, to a distance of 32 
feet, thereby covering four bays of the girder. Draw the stress 
diagram— 
Dead load on bridge = 80 tons, 
" one girder = 40 tons. 


This is equivalent to a weight of 4 tons on each panel. 


Live load on bridge = 32 x 1 = 32 tons, 
each girder = 16 tons. 


This is equivalent to 4 tons on each of the four panels to the 
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left of the girder, so that the total load on each of the four 
panels to the left =8 tons, 
and that on each of the 
other six panels = 4 tons. 

This distribution of 
load is equivalent to three 
weights of 8 tons resting 
at the feet of the three 
pillars next the left abut- 
ment — excluding that 
directly over it — one 
weight of 6 tons resting 
at the foot of the fourth 
piular, and five weights of 
4 tons resting at the feet Fig. 127. 
of the other pillars. 

The net reaction of the left abutment from the dead load 
=18 tons and from the live load= 10-8 tons, so that the total 
vertical reaction of the left abutment = 28-8 tons. 

The reaction at the right abutment is 18 tons for the dead load 
and 3-2 tons for the live load, or a total of 21-2 tons. 

Stress Diagram.—Fig. 126 represents the girder, and fig. 127 
the stress diagram. To construct the latter take the vertical 
line A A, = 50 tons, the total load resting on the bottom flange, 
excluding the portions carried directly by the abutments. Set 
off A P= 28-8 tons, the reaction of the left abutment; and 
A, P = 21'8 tons, the reaction of the right abutment. Set off 
AL=LM=MN =8 tons, NO = 6 tons, and OO, = O,N, 
= N,M,=M,L, =1L,A, = 4 tons. 

The diagram is constructed in the usual manner, and its 
accuracy is verified by its being found to close, the last line 
drawn, viz., B, A,, parallel to the last diagonal, B, A, coming 
exactly to the point A,. 

By scaling, the following values (see Table L.) will be found 
for the stresses on the different members of the girder. The 
correctness of the results may be checked analytically in the 
way already explained. 

It will be noticed that the effect of the rolling load coming on 
the girder from the left abutment is to put a compressive stress 
on the diagonal brace IJ, and a tensile stress on the vertical 
pillar H I. All the other diagonals and verticals being exposed 
to tensile and compressive stresses respectively, except the 
vertical J J,, which has no stress. 

If the rolling load come on the bridge from the opposite 

18 
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direction, there will be a compressive stress of 1:7 tons on 
diagonal I, J,, and a tensile stress of 1:2 tons on the vertical 
I, H,. As the diagonal braces of girders of this description are 
usually made of flat bars, which are not adapted to transmit a 
compressive stress, it will be necessary to use counterbraces at 
the centre of the girder, as represented by the dotted lines. 
These latter relieve the diagonal braces at the centre of any 
compressive stress by themselves transmitting tensile stresses. 

If the rolling load compared to the dead load be relatively 
larger than that given, as would be the case with a double line 
of railway, other diagonal braces besides the two centre ones 
may be subjected to compressive stress, and consequently extra 
counterbracing will be necessary. 

Example 5.—If, in the last example, the rolling load coming 
on the bridge consist of a single weight of 30 tons, traversing it 
centrally from one end to the other, determine the maximum 
stresses on each member of the girders in its progress. 

Suppose the load to traverse the bridge from left to right. 
The maximum stresses on the bays P B and O L will occur when 
the load of 15 tons (half of 30 tons) rests on the first apex of the 
bottom flange, reckoning from the left abutment. 

The maximum stresses on the diagonal A B and the vertical 
BC will also occur when the load occupies this position. 
Similarly, when the load rests on the second apex, the maxi. 
mum stresses will occur on the members PD, EM, CD, and 
DE; and so on. 

Table LI. gives— 


1. The stress on each member from the dead load. 

2. The maximum stresses for the rolling load. 

3. The total maximum stresses arising from the dead and 
live loads combined. 


This forms a most excellent example of the effect of rolling 
loads on lattice girders, and a careful study of it will well repay 
the attention of the student. 

It will be noticed that with both loads it will only be neces- 
sary to counterbrace the two centre bays. I1f the dead load, 
however, be very small compared with the rolling loag, it would 
be necessary to counterbrace all the bays, with the exception of 
the two end ones, so that the girder would be practically a double 
Warren girder. The Linville truss is, therefore, unsuitable for 
small spans carrying a heavy rolling load. In large railway 
bridges, however, where the dead load forms a large proportion 
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of the total load, it forms a suitable structure, especially in the 


form shown in fig. 125, In such cases it is only necessary to 
counterbrace a few of the central bays. 


CHAPTER XV. 
BRACED GIRDERS—continued. 
Bracep GIRDERS WITH CURVED FLANGES. 


195. The braced girders hitherto considered have parallel flanges, 
and this is the most common form. There is another class which 
have one or both flanges curved cr oblique, such girders being 
frequently used in preference to those with parallel flanges on 
account of their more graceful appearance, their harmony with 
surrounding structures, or for some other reason. 

In some designs the bottom boom is straight, and the top 
curved, while in others the top is straight and the bottom curved 
either concavely or convexly ; in some other cases both top and 
bottom booms are curved or polygonal. 

196. Calculation of Stresses in Braced Girders with Curved 
Flanges.—We have seen that in braced girders with straight, 
parallel flanges the stresses throughout the girder may be easily 
calculated by the aid of simple algebraic formule, as well as by 
means of stress diagrams. In the girders we are now consider- 
ing, algebraic formule cannot be conveniently applied, on account 
of the varying angles of inclination of the several parts of the 
structure, and it will be necessary to have recourse to carefully 
constructed stress diagrams in order to determine the stresses, 
at the same time checking the results thus obtained, when 
practicable, by moments or other analytical methods. 

197. Bowstring Girders.—The most common form of curved 
braced girder is that in which the bottom boom is straight and 
the top curved ; this is known as the “bowstring girder,” and 
the load is carried on the bottom boom. One advantage possessed 
by this type is that the stresses on the diagonals are small, a 
large portion of the shearing stress being taken up by the curved 
boom. This advantage is intensified in large girders with long 
unsupported struts, which latter are always an expensive item. 

In calculating the stresses on curved girders it is assumed 
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that the portions of the curve between two adjacent apices are 
straight lines, so that the boom, instead of being a regular curve, 
is polygonal in form. This assumption does not materially affect 





Fig. 128. 


the value of the stresses, especially if the apices be tolerably close 
together. 

Example 1.—A bowstring girder of a single system of 
triangulation is 80 feet span, and 10 feet deep at the centre. 





Vig 129. 
The bottom boom is divided into cight equal bays of 10 feet 


each. Determine the stresses on the girders if a load of 20 tons 
be suspended from the centre of the bottom boom. 





Pig. 130. 


Fig, 128, which is drawn to scale, represents the girder. The 
top bays are all supposed to be equal to each other, except the 
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two end ones, which are one-half the others. The stress- 
diagram is shown in fig. 129, which is also drawn to scale. 

The stresses on the girder are given in Table LIL, the correct- 
ness of which, it must be remembered, depends on the accuracy 
with which the diagram is drawn. 

Tt will be noticed that the lines AB, CD, EF, and GH, 
which are drawn downwards, represent tensile stresses; while 
BC, DE, and FG, which are drawn upuards, represent com- 
pressive stresses. . 



















TABLE LIL 
Flanges, .| LA} LB/LD| LF | LH! ag | CJ | KJ | GJ 
gta $296 246 497-81 4.9981 440'8 - 20-2 ~ 24:0 - 28-5 - 35°6 






Diagonal ? re ! 
Braces, AB| BC op| DE! EF FG | GH 
Stress in . : rr, ol 

Tons, 32 +18 -«4 436 |-73 cae eae | 






\ 
1 







It will be noticed that the maximum flange stress occurs at 
the centre bay of the top flange and the minimum flange stresses 
occur at the two end bays of the bottom flange. It will also be 
observed that the difference of the flange stresses in the several 
bays is not nearly so great as in a girder with parallel flanges 
similarly loaded. 

The stresses in the diagonal braces are also very different to 
those in a warren girder with a central load. In tho latter, as 
has been shown, the stresses in the braces are constant through- 
out the girder, while in the bowstring girder they decrease from 
the centre towards the ends, though not in any fixed ratio. It 
will also be scen that the compressive stresses in these bars are 
much smaller than the tensile stresses. 

The flange stresses may be checked by the method of moments. 
Thus, for the centre bay of the top flange, we get— 


S x 9-85 = 10 x 40, or S= 40°6 tons, 


which result agrees very closely with that as found from the 
diagram. 

198. Professor Ritter’s Method of Moments.—The principle of 
Professor Ritter’s method of moments, or as it is sometimes 
called “method of sections,” may with advantage be applied te 
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determine the stresses on structures similar to those we are at 
present considering. This principle is merely an amplification 
of the ordinary method of moments which has already been 
frequently used. By it we can determine the stresses, not only 
in the flanges of a bowstring girder, but also in the lattice bars. 

The principle may be applied by drawing “lines of section” 
cutting the truss in not more than three of its members. These 
lines of section divide the truss into two parts, one of which is 
supposed to be removed, and the external forces acting on the 
other portion alone are considered. 

The stress on any one of the three members cut by the line of 
section may be found by taking moments round the point of 
intersection of the other two. Adopting this plan, it will be 
seen that the moments of the stresses on the members which 
meet at the point above indicated become zero; and it only 
becomes necessary to equate the moment of the stress on the 
third member to the algebraic sum of the moments of the exter- 
na] forces acting on the portion of the truss considered. 

For example (in fig. 128), draw the sectional line ab cutting 
the three members LD, DE, and EJ. The portion of the 
girder to the left of a 6 is held in equilibrium by the stresses on 
LD, D E, and EJ, and by the external force represented by the 
reaction of the left abutment. To find the stress on LD, we 
must take moments about 5, the point of intersection of the 
other two; thus— 

Sipx2=10x 20, 
Sip= 27°8 tons. 


To find the stress on EJ, take moments about 6, the point of 
intersection of L D and DE; thus— 


Ses x 875=10 x 24°94, 
Sey = 28°5 tong. 


To find the stress on D E, take moments about z, the point of 
intersection of L D and EJ; thus— 


Spexee,=10xxl, 
or Spyz x 26:5 =10 x 9°7, 
ove Spr= 3°66 tons. 


It will be seen that the stresses thus found agree with those 
obtained from the stress diagram. 
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‘An advantage which this method possesses over the graphic 
system is that the stress on any member may be found directly 
without going to the trouble of finding those on all the members 
which precede it. 

Example 2.---Determine the stresses on the bowstring girder 
in the previous example, if an additional weight of 10 tons be 
suspended on the second bottom apex measuring from the right 
abutment. 

In this case the reaction of the Jeft and right abutments are 
12-5 and 17-5 tons respectively. 

In fig. 130, on a vertical line make J L=12°5 tons, and 
L.M=17'55 tons; J K=weight of 20 tons, and K M=weight 
of 10 tons. This figure, which is constructed in a manner similar 
to fig. 129, represents the stress diagram, the portion above the 
line LH giving the stresses on the left half of the girder, and 
that below LH those on the right half. 

ml sculing we get the following table of stresses for the 
girder :— 


TABLE LIII. 



















| | 
Top Flange,; LA LB LD LE | LH OLY, Dy LB La 














aarti + 28-2 +30°8; + 34-7 +410 4510 4409, +486 44014990 
Bottom ‘JiG KI EK 

Binge AJ |CJ | EJ| GJ ee E,K|C, M/A; M 
sag — 25:2) - 30-0 - 35-7) - 44-5: - 47-0 - 44-4 42-1] - 353 


Braces, 


Stress in : : : : 
Tons, ~4'0 (4+2°3 |-6°5 |4+4°6 


Diagonal 
Braces, HG (GF; 
Stress in 
Tons, 





-910 |+88 140; 
(F, E,| ED) D,C)'C, B) |B, Ay 
~2°5 “80 |-78 +3°2 1-55 


Diagonal || a Bi BC | CD DE /EF | Fo GH 


~8°4 142-4 








The student should check these results by Ritter’s method of moments. 


199. Bowstring Girder Uniformly Loaded.—Suppose the girder 
shown in fig. 128 to be uniformly loaded with a distributed live 
load of 1} tons per foot. This is equivalent to 124 tons acting at 
each apex of the bottom flange, with the exception of the two 
over the abutments at which 6} tons act. 

The net upward reaction at each abutment = 43°75 tons. 

It will form an instructive exercise for the student to determine 
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the stresses produced on each member of the structure by each 
load of 124 tons acting separately ; by taking the algebraic sum of 
the stresses so found, he will get the total stress on each member 
when the girder is fully loaded. 

If W,, W., We, &., represent the loads of 12:5 tons acting at 
the apices taken in succession from the left abutment, Tables 
LIV. and LV., which are lettered to suit fig. 131, will represent 
the stresses on one-half the girder. 

When the total load is acting, the stresses on all the braces are 
tensile, but when certain bays only are loaded this is not so. 
The tables help us to find the stresses produced on each member 
of the girder when the rolling load gradually comes on from one 
end and passes over it. It will be seen that all the diagonal 
braces except the two end ones are exposed in this passage of the 
load, to both compressive and tensile stresses. If, in addition to 
the live load, there be a dead load on the girder equal to 1} tons 
to the foot, the eight centre braces alone will be exposed to both 
compressive and tensile stresses during the passage of the rolling 
load, the others being exposed to tensile stresses alone. In such 
case it will be necessary to counterbrace those central braces 
only. In bowstring girders of large span where the dead load 
bears a large proportion to the live load very little counterbracing 
will be required. 

Hxample 3.—A bridge carrying a double line of railway is 100 
feet span, and is supported by two main girders of the Bowstring 
type (see fig. 131). Each 
girder is divided into 
eight equal bays of 12 
feet 6 inches, and the 
depth at the centre is 12 
feet 6 inches. If the 
dead weight of the bridge 
be equal to 70 tons, and 
each train load be equal 
to 1} tons per foot, determine the stresses on the main girders 
when the bridge is fully loaded with two trains. 





Dead load on bridge,. . . «. = 70 tons. 
Live ,, i; » « =100x25=250 ,, 


Total _,, ‘5 : ‘ : . =3820 ,, 
9 Pt) one girder, e o ‘ aad 160 ” 
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This is equivalent to 20 tons resting at each apex of the bottom 
flange, and 10 tons 
coming direct on each 
abutment. 

Reaction at each abut- 
ment = 70 tons. 

The stress diagram for 
the left half of the girder 
is shown in fig. 132, 
which is drawn to scale, 

Fig. 132. that of the other half 
being exactly the same. 

It is constructed by taking the vertical line J O = 70 tons, and 
making J K=K L=LM = 20 tons, and M O=10 tons. 





J A 





Table LVI. gives the value of the stresses. 

Method of Moments.—It will be a useful exercise for the student 
to check the results given in the table by Ritter’s method of 
moments. 

For example, by drawing a sectional line a 6 (fig. 131) we get, 
by taking moments round the second bottom apex— 


Sop x 9°0 = 70 x 25 — 20 x 12:5; 
or Sop =166°6 tons, 
Taking moments about the third top apex we get— 


Se.,x 10-7 = 70 x 30-25 ~ 20 (5:5 ~ 18-0) ; 
or S, i= 154°0 tons. 
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To find the stress on the diagonal DE take moments about 
the point of intersection of O D and EL produced, 


Sp zx 33=70 x 12 — 20 (24:5 + 37); 
or Spe= — 11°8 tons. 


These results agree with those found from the stress diagram 
as nearly as can be expected considering the smallness of the 
scale. 

Example 4.—In the last example determine the stresses when 
the live load covers the left half of the bridge only. 

In this case the distribution of load is equivalent to three 
loads of 20 tons each resting on the three apices to the left of 
the centre, one load of 12°:1875 tons resting on the centre apex, 
and three loads of 4°375 tons resting on the three apices to the 
right of the centre. 


The upward reaction at the left abutment =54°375 tons, 
The upward reaction at the right abutment = 30-0375 tons. 


In order to construct the stress diagram (fig. 133), draw the 
vertical line J J, = 853124 tons, the total weight resting on the 
seven apices. Setoff JK =K L=LM = 20 tons, M M, = 12-1875 
tons, and M, L,=L, K,=K, J,=4:375 tons. Further, make 
J O=54:375 tons, and OJ, = 30-9375 tons. The stresses are 
given in Table LVII. 

200. Fish-bellied Girder—An inverted bowstring girder is 
called a jish-bellied girder, and though it is not often used in 
bridges, it is a common form for cranes both in the lattice form 
and also with a continuous plate web. 

The method of calculating the stresses in a braced girder of 
this description with a single system of ti ‘angulation is similar 
to that employed in girders of the Bowstring type. The top 
flange being horizontal, the load rests on this member. 

Example 5.—A bridge carrying a single line of railway is 
72 feet span, and is supported by a pair of fish-bellied lattice 
girders with a single system of triangulation, 9 feet deep at the 
centre ; and each divided into eight equal bays of 9 feet. The 
dead load of the bridge is 56 tons, and the rolling load, consisting 
of a train of carriages, is equal to 1 ton per foot. 

Determine the stresses on the girders— 


1, When the train covers the entire length of the bridge. 
2. When it covers the left half. 
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First Case.— 
Dead load on bridge . ; . = 56 tons, 
Live 7) 9 ® e e = 72 Tt) 


Total load on two girders . é S128 
” ” one ” ° . = 64 ” 


This is equivalent to 8 tons on each panel. There will, there- 
fore, be seven loads of 8 tons resting on the apices of the top 
flange of each girder, and 

fy pK A LYM yM,t U1 K, two loads of 4 tons resting 


on the apices immediately 

q ~EE ip over the abutment. The 

net upward reaction of 

> each abutment = 28 tons. 

ees Fig. 134 represents the 

girder, and fig. 135 the stress diagram for the left half’ The 
stresses are given in Table LVIII. 





oO 
M 
L 
K 
J 


Fig. 135. Fig. 136. 


All these stresses may be analytically checked by Ritter’s 
method of moments. For example, by drawing the dotted 
sectional line a 6, we can find the stresses on the bays K 0, BO, 
and the diagonal BC. 

Seu 5D = 28 x 13-2 -8 x 4:2; 
or Sgc- = 61 tons. 

830 36=28x 9; 
or Sy 9=70 tons. 

Sac 9°] = 28 x 17; 
or 8, o = 5°2 tons. 


It will be seen that in girders of this description, loaded 
uniformly along the straight flanges, the stresses in the 
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diagonals are all compressive, whereas in the bowstring girder 
they are all tensile. This fact of itself renders the lattice fish- 
bellied girder less economical than the bowstring type. 

Second Case.—With this distribution of load, the dead weight 
is just the same as in the first case, and is equivalent to loads of 
J'd tuns resting on each apex of the girder. The live load puts 
an additional weight of 4:5 tons on the first three apices on the 
left, and a weight of 2-25 tons on the central apex. These weights 
produce an upward reaction of 23-5 tons at the left, and 16-75 
tons at the right abutment. 

To construct the stress diagram, on a vertical'line (fig. 136) 
take OJ =23°5 tons, and OJ,=16'75 tons, the reactions of the 
abutments, Set off J K=K L=LM=8 tons, M M, =6°75,tons, 
and M, L,=L, K,=K, J,=3°5 tons, the loads at the apices 
taken in succession from the left. The diagram is then con- 
structed in a similar manner to the last, and the stresses are 
given in Table LIX. 

Fig. 137 represents another form of braced curved girder which 
is frequently employed, 
not only in bridges, but 
also in public buildings, 
where it is used for sup- 
porting the roof principals. 
It will be seen that the 
top flange is straight and 
the bottom curved  up- Fig. 137. 
wards in the arch form. 

This gives it a graceful appearance, which makes it a favourite 
design for exhibition buildings, &c. 

Example 6.—A lattice girder of the type shown in fig. 137 is 
80 feet span, 15 feet deep at the ends, and 7 feet 6 inches at the 
centre. The top flange is divided into eight bays of 10 feet each. 
Determine the stresses (1) 
when the girder is loaded | - 
with a weight of 20 tons 4 = , 
resting at the centre of the 
top flange ; (2) when loaded 
with 40 tons distributed. . B D 

Fig. 138 represents a stress Fig. 138. 
diagram of the left half of 
the girder for the central load. The vertical line A J is taken 
equal to the abutment reaction of 10 tons. There is no stress on 
the two end bays, AO and A, O, of the bottom flange. 

The stresses are given in Tables LX. and LXI. 

19 
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CHAPTER XVI. 
CRANES — FRAMEWORK. 


201. Definition.— A crane is a structure used for lifting weights, 
and, in addition to the framework, includes the mechanism, 
such as the gearing, &c. It is only with the former we are here 
concerned. 

There are many varieties of cranes, as regards the structural 
character of their framework; we will refer to some of the 
principal, and show how the stresses on their different parts 
may be determined. 

202. Jib Cranes.—A simple form of jib crane, sometimes known 
as the wharf crane, is that which is shown in skeleton outline in 
fig. 139. 

It consists of three main members, viz. :— 


The vertical post, A D, 
The inclined jib, BC, 
The stay or tie, AC. 


The crane post is bedded into the ground, its extremity or 
tor, D, usually resting in a socket, so that the crane may be 
turned round, A D, as a vertical axis, in a horizontal direction. 

The post acts as a cantilever, the maximum stress on which 
occurs at B. 

The jib, BC, is always exposed to a direct compressive stress, 
while the stay. AC, is always sub- 
jected toa direct tensile stress. Both 
the post and jib may be made of iron, 
steel, or wood; while the stay is 
usually made of wrought iron or 
steel. — 

The weight to be lifted is sus- 
pended at ©, the point of intersec- 
tion of the jib and stay ; the chain 
from which it is hung passing. over 
a pulley at C and then round the 
drum at E, which is fixed to the 
crane post. Usually there is an 
arrangement by means of which the Fig. 139. 
jib may be raised or lowered—turn- 
ing round its foot, B—-by shortening or lengthening the stay. 
With a single pulley at C, the tension on the chain is always 
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supposed to be equal to the weight lifted. Practically, however, 
this is not the case, on account of the friction in the pulley. 
The stress on EC is always greater than W when the weight is 
being lifted, and less when the weight is being lowered. Ifthe 
pulley is not in good working order and proper! y lubricated the 
difference in stress may be considerable. 

203. External Forces acting on the Crane.—The crane as a 
whole, is held in equilibrium by three external forces, the weight 
of the frame itself being supposed to be omitted. 


Ist. The vertical weight W. 
2nd. The reaction of the toe-plate at D. 
3rd. The horizontal pressure against the curb-plate at B. 


The Ist acts vertically downwards through C; the 2nd is the 
resultant of two forces acting at D, the first of which acts ver- 





Fig. 140. Fig. 141. 


tically upwards and is equal to W, and the second is the hori. 
zontal reaction of the toe-plate. The amount and direction of 
this 2nd force may be found thus:—Set off the line Dd to 
any scale,= W. Draw the horizontal line dd,; then dd, repre- 
sents the horizontal reaction of the toe-plate, and the line D dy 
will represent its total reaction at D. 

The 3rd force acts along the horizontal line Bc, and as the 
three forces above mentioned keep the crane in equilibrium, 
they must all pass through one point ¢, and their intensities are 
proportional to the three sides of the triangle D Be. 

We have, therefore, the following practical method of finding 
the 2nd and 3rd forces when W is known :—Draw the vertical 
line Cc, intersecting the horizontal line through B inc. Join 
~ ‘Then the horizontal pressure against the curb is repre- 
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sented by the line Bc; the reaction of the toe-plate by the line 
c D, and the weight W by BD. 

204, Stresses on Jib Crane when the effect of the Chain is not 
considered.—The stresses on the different members of the crane 
may be most conveniently found by graphic construction, though 
they may be also calenlated by the method of moments. 

In the following explanation we will assume the chain EC 
to be altogether omitted, the weight W being supposed to be 
hung from the point C. 

In fig. 140 take the vertical line a} to represent the weight 
W ; through its extremities draw ac, bc parallel respectively to 
the members A C and BC of the crane; ac will then represent 
the tensile stress on the stay A C, and bc the compressive stress 
on the jib BC. 

The vertical post is acted upon by a transverse stress, and 
may be considered as a loaded cantilever; or, more strictly speak- 
ing, it resembles a girder supported at its extremities A and D 
and loaded at B, at which point the maximum bending moment 
will occur. 

Considering it asa cantilever of length, A B, the load at its 
extremity A is equal to ac (fig. 140), and acts in the direction 
AC. This inclined pull may be resolved horizontally and ver- 
tically. Through c draw the horizontal line cd, meeting ba 
produced at d; ed is the horizontal component of the pull at A, 
and ad is its vertical component. As the latter force does not 
affect the bending stress on the post we get the maximum 
bending moment 

Mp=dexAB. 


The stresses in the jib and stay may be calculated thus— 
Taking moments about A, we get— 
Sse xAa,=Wx Aa, 
or Spo W. oH 
Taking moments about B, we get-— 
S,0x Bb,=Wx Be, 
ee 
Bb, 


Example 1.—A crane of the form shown in fig. 139 supports a 
weight of 10 tons suspended at C. Determine the stresses on the 


or S.c= W ° 
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jib and stay when these members are inclined at angles of 45° 
and 30° respectively to the horizontal. Find also the maximum 
bending moment on the vertical post; its length above ground 
being 15 feet. 


Take the vertical line ad (fig. 140), equal to 10 tons. We 
then have, by scaling— ; 


Saqg=ae= —27°3 tons, 
Spc=Obc= +33°'5 tons. 


These results may be checked analytically thus— 
Taking moments about A, we get— 


Spox Aa, =10x A ay. 


Now, Aa,=ABxsin A BC=15x sin 45°= 1061 feet, 
and A a,=35°5, 
35-5 


) 
*. Op a = = = OOD 
s Ba é Ox J 0.6) 2] » tons. 


Taking moments about B, we have— 
S.co> Bb, =10x Be; 
and as Bb,=A Bx sin 60° =13 feet, 


30°9 


See 10x-), 


= 27°3 tons. 


ed (fig. 140) is equal to the horizontal component of the tension 
on A C =acx sin 60° = 236 tons. 

The post AB may, therefore, be considered as a cantilever 
15 feet long with a load of 23-6 tons acting at its extremity, in 
a direction perpendicular to its length. If M,= bending moment 
at B, we get—— 


M, = 23°6 x 15 = 354 foot-tons. 


205. Stresses on Jib Crane when the Effect of the Chain is 
taken into Account.—-If the chain be considered, the stresses on 
the crane will be considerably altered. Generally speaking, it 
has the effect of diminishing the stress on the stay and Increasing 
it on the jib. 

Ruppose in the previous example that the drum be fixed in 
euch a position that the direction of the chain meets the vertical 
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post at a point E (fig. 139), midway between A and B. If the 
chain pass over a single pulley at C, the tensile stress through- 
out the chain will be constant and equal to the weight lifted 
(the friction being neglected), In the prescnt case this ten- 
sion = 10 tons. 

Take the vertical line ad (fig. 141) to represent the weight of 
10 tons, draw db parallel to the direction of the chain C E and 
make d 6 equal to 10 tons; the dotted line abd will, therefore, 
represent their resultant, and drawing ac, b ¢ parallel respectively 
to AC and BC, these lines will represent the stresses on the 
stay and jib. 

By scale we find— 


S,o0=@c= 22-8 tons. 
S3c=bc=39-0 3 


Drawing the horizontals 6 },, cc,, meeting the vertical a d pro- 
duced in 6, and ¢,, we get— 


b b, = horizontal component of the stress on the 
chain EC= 7-8 tons. 
ct, = ” o stay AC=19-7 ,, 
6b,+¢¢,= eg . jib BC=27°5 ,, 


The vertical post in this case will resemble a cantilever 15 
feet long with a weight of 19-7 tons acting at its extremity at 
right angles to its length, and a weight of 7°8 tons acting in 
the same direction at its centre E. _ 

Tt will be noticed that the vertical post, in addition to its 
being acted upon by horizontal or bending forces, 1s also exposed 
to longitudinal tensile stresses, the portion A I being subjected 
to a tensile stress equal to the vertical component of the stress 
on AC. This is represented by the line ae, (fig. 141)=11°5 
tons. 

The portion of the post between B and E is exposed to the 
tensile stress on the portion AE plus the vertical component of 
the stress on the chain EC, this latter stress = b;d; so that 
the total tensile stress on EB=ac,+6,d=17°5 tons. These 
upward tensile forces on the post are balanced by the vertical 
component of the stress on the jib which is represented by the 
line b,c,; the excess of this latter force over the upward pull 
on EB is represented by the line ad, which is equal to the 
weight of 10 tons. This excess comes on the tee of the post. 
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The stresses on the jib as found graphically, may be checked by 
moments, thus— 


See x A a, - Sxc x A a,=W x A a. 
Sa ox 10°61=10 x 35°54 10 x 5:9: :414, 
Ssc= +39 tons. 


Taking moments about B, we get— 


S.cx Bb, +Sgo x Bb,=Wx Be. 
S.¢% 13=10 x 35:5 — 10 x 5-9 = 296, 


S,c= —22'8 tons. 


It will be seen from this example and the last that the effect 
of the tension on the chain CD is to diminish the tension on 
the stay by 27-3 — 22-8 = 4:5 tons, and to increase the compression 
on the jib by 39 — 33°5 = 5°5 tons. 

The maximum bending moment on the post is— 


M,=19-7 x 154+7°8 x 7:5 = 354-0 foot-tons, 


from which it is seen that the effect of the chain pulling at the 
centre of the post does not alter the bending moment at B. 

The sketch shown in fig. 142 represents a form of jib crane 
very commonly used, and is somewhat different 1n construction 
to that last described. The vertical post, in this case, instead of 
going into the ground, is fixed to a platform E B, which may be 
arranged to runon rails; 
so that the crane may be 
moved about from one 
position to another. 

In order to relieve the 
post of the greater por- 
tion of its cross-stress, 2 
second stay A E is intro- 
duced which connects its 
extremity with the plat- 
form. A load P is placed 
on the latter with the 
object of preventing the crane being turned over when the 
weight is being lifted. This load P is sometimes arranged so 
that it can be moved backwards or forwards according as the 
weight lifted is light or heavy. CD represents the chain which 
passes round a single pulley at C, and round a second pulley 
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at F; with this arrangement of pulleys, the tension on the chain 
is only one-half the weight lifted ; friction not being taken into 
account. 

If Bb be the perpendicular distance between B and the direc- 
tion in which the weight W acts, then if the weight of the crane 
itself be neglected, there will be no cross-stress on the crane post 
when W x Bb=PxBE. 

Example 2.—The post, A B, of the crane shown in fig. 142 is 
8 feet high; the jib, BC, and stay, A C, are inclined at 43° and 
30° respectively to the horizontal. The stay A E is attached to 
the platform at E, so that E B=10 feet. Find the stresses on 
the crane when a weight of 20 tons is suspended from C, the 
tension on the chain being neglected. Find also the weight of 


X 





Fig. 143. Fig. 144. 


the counterpoise P, so that the post may not be exposed toe 
cross-stress, the weight of the crane and platform being left out 
of consideration. | 

Take the vertical line a 6 (fig. 143) equal to 20 tons ; draw ac 
parallel to AC, and 6c parallel to BC. 


ac=S, = —06'5 tons, 
bc=S, = + 69:25 tons. 


At the point A there are three forces acting, viz., the tensile 
stresses on A C and AE and the compressive stress on A B. 
Draw, therefore, through the extremities of the stress line ac, 
the lines ce,@e parallel respectively to A E and A B, these 
lines will represent the stresses on those members. By scale 
we find 

ce=S,,= —62'5 tons, 
a@e=S8,,= +975 tons. 


At the point E we may consider there are three forces acting, 
viz., the stress on the stay A E, the vertical weight P, and the 
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stress along the platform EB. By drawing c/ parallel to BE, 
we get— 

cf=Sy_= +48°75 tons, 

ef=P-: +3875 tons. 


All the stresses may be checked by the principle of moments. 
For example, to tind P, we get— 


Example 3.—Find the stresses in the last example when the 
tension of the chain is taken into account. Suppose the direc- 
tion of the chain to intersect the vertical post at the point D, so 
that B D=3 feet. 

With a pulley at F the tensile stress on the chain is equal to 
10 tons, friction being neglected. 

Fig. 144 represents the stress diagram; ad = 20 tons; bd 
parallel to C D represents 10 tons, the stress on the chain. The 
dotted line, a 6, represents the resultant of these two forces, and 
is equal in magnitude and direction to the totul pressure on the 
pulley at ©. ‘Che remainder of the diagram is constructed as in 
the previous example. Ly scaling, we get— 


ac=S,,= —52'5 tons, 
bc=8,,= +750 tons, 
ce=S,y= — 980 tons, 


ae-S8,,= +9709 tons, 
cf=Sy,,= + 49°9 tons, 
ef= P= 4360 tons. 


By drawing 6 6, horizontally, we get— 
4 6, = horizontal component of the stress on the chain = 7° tons. 


The post A B may, therefore, be considered as a girder sup- 
ported at A and B, and acted upon by a force equal to bd, 
acting at D, in a direction perpendicular to its length. 

The line b, d= vertical component of the stress on the chain 
= 6°25 tons. The direct longitudinal compressive stress, there- 
fore, on the portion D Bof the post is equal to ae - 6, d= 3°5 tons. 

It will form an instructive exercise for the student to check 
these various stresses by the method of mowents. 
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206. Derrick Crane.——The Derrick crane, or, as it is sometimes 
called, the Scotch crane, is shown in outline in fig. 145, It‘is 
usually made of wood, and consists of a vertical post, A B, which 
revolves in a socket at its foot, B. BC is the jib, and A C the 
tension member, which is frequently a chain, by means of which 
the jib may be raised or lowered to any angle. AE and AE, 
are two back stays which are generally placed so that E B H, is 
aright angle. The back stays may have their lower extremities 
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anchored to the ground. It is more usual, however, to have 
them fastened to two horizontal members, B FE and B E,, which 
are laid on the ground and weighted. 

It will be readily seen that the stresses on the jib and front 
stay may be determined, as already explained for the ordinary 
jib crane. The stresses on the back stays vary according to the 
position of the jib relatively to them: the maximum tension on 
the stay AE, occurs when A BC and A E, B are in the same 
vertical plane. Sinilarly, the maximum tension on A E occurs 
when A, E, B, and C are all in the same plane. When the 
tension on A I, isa maximum, that on A E is zero, and vice versd. 

If the plane of A B Clies between these two extreme positions, 
and it be prolonged to meet E, Ein D, we can find the stress 
on the imaginary stay, AD, on the assumption that the other 
two do not exist. Having found this, the stresses on the other 
two may be found by the triangl of forces, as the first stress is 
their resultant. 

Tet fig. 146 represent the plan of the crane shown in fig. 145, 
BE and BE, being at right angles to each other. Let BO 
represent the horizontal component of the stress on the main 
stay AC. Draw be, be, parallel to BE, and BE respectively ; 
these lines will represent the horizontal components of the 
stresses on the back stays AE, and AE, These components 
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being known, the stresses on the stays themselves may easily be 
found. 

If the jib occupy the position shown by the dotted line BC,, 
so that BC, is in the same line with LE, then the stress on 
AE will be a maximum, and that on A E, zero. 

If the crane be swung round to the position B C,, the tensile 
stress on A E will be diminished, and there will be a compres- 
sive stress on A E,. The compressive stress on this stay will 
reach a maximum when the jib is directly over it in the same 
vertical plane. 

If the jib occupy the position shown by the line BC,, the 
stresses on both back stays will be compressive. 

207. Sheer Legs.— What is commonly known as “sheer legs” 
is a kind of crane used by builders and erectors, and possesses 
the advantage of portability ; it being easily moved about from 
one position to another to suit the requirements of the work, 
without going to the inconvenience of taking it to pieces, as is 
necessary with the derrick crane. 

It consists of two main posts or struts, A C and BC, of equal 
length (fig. 147). The lower ends A and B rest on the ground ata 
considerable distance apart, and the posts gradually taper towards 





Fig. 147. 


each other until they meet at C. These posts are capable of 
moving in a vertical plane round an imaginary axis, AB. At 
C, the weight is hung by means of a rope or chain which passes 
round a pulley-block and thence taken to a crab. The sheer 
legs are prevented from falling by a stay, EO, or sometimes by 
several stays. These stays, or, as they are commonly called, 
“guys, usually consist of ropes or chains which are tixed by 
means of spikes to the ground, or are fastened to posts or other 
convenient objects in the vicinity. Thev are arranged so as to 
be easily lengthened or shortened to suit the inclination of the 
sheer legs. 

It is a very simple matter to find the stresses on the legs and 
stays. Take D, the centre of the imaginary line AB. Join 
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CDand ED. The twe legs may be supposed to be replaced by 
a single leg, CD. We will then have EC, C D,and the weight 
W in the same vertical plane, and the stresses on the two 
former may be found graphically, as previously explained for 
the jib crane. The stress thus found on the imaginary leg, C D, 
is the resultant of the stresses on A C and BC. 

Let AC, BO, fig. 148, represent the development of the legs ; 
take the vertical line ba to represent their resultant stress as 
found ; draw ac parallel to A C, and 6c parallel to BC; then 


WO= did, 0¢6=Sn% 


As the legs are equal in length and equally inclined to the 
horizontal, these stresses will be equal. 

The horizontal line d ¢ represents the tendency which the legs 
have to separate. 

208. Tripods.—If, in place of the two shecr legs and the guy- 
rope, there be three legs, we get what is termed a tripod, the 
three legs slope towards each other, meeting at the apex, and 
they are arranged so that the projection of the apex falls within 
the triangle formed by the feet of the posts. In this case the 
stresses on all the legs will be compressive, and their amounts 
may be found in the manner ‘indicated in the last case; the 
weight lifted being the resultant of the stresses. 

209. Cranes with Rolling Loads.—In the previous examples 
of cranes which have been considered, the pulley, round which 
the chain carrying the weight passes, is fixed, and the jib or legs, 
to which the pulley is fixed, can be raised or lowered to suit the 
requirements of the work. In other kinds of cranes this is not 
the case, and instead of the jib being movable the pulley sup- 
porting the weight is attached to a movable carriage, which 
travels backwards and forwards on a horizontal platform. 

Fig. 149 represents a skeleton outline of a crane of this kind. 
The horizontal member AB usually consists of two beams 
placed side by side with a space between them. A carriage 
carrying the pulley from which the weight is slung travels along 
rails fixed on AB, or otherwise, and may occupy any position 
between the extremities A and B. The lifting chain passes 
round a second pulley placed at A, and thence passes to the 
barrel of the crab. 

A second and smaller chain may be attached to the movable 
carriage, by means of which the latter may be made to travel 
backwards and forwards as required. C D is a fixed strut which 
supports A B, anda back stay or tension-rod supports the ver- 
tical post. A very good arrangement is to attach A to an over- 
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head support, when the stay may be dispensed with. The 
attachments of A and D may be made by means of pivots working 
in sockets ; the crane can thus be swung round in a horizontal 
plane. This form of crane is very common in foundries. 


P 
c B 
ay G, 
ts fons 
c 





a”“y 
Tt ihe Gey y 
Fig. 149, Fig. 150. 


It will be seen that the horizontal member A Bis exposed to 
transverse stresses and must be designed to withstand them. 
When the weight is suspended at any point between C and B, 
the portion CB is a cantilever, the maximum bending stress 
being at C. With this position of load there will, practically, 
be no transverse stress on the portion A C if the connection at O 
be rigid. Lf the connection at C be not rigid A B will resemble 
a girder fixed at A and DB, and loaded in an upward direction 
at UC, as explained in Art. 93, Chapter V1. 

If the weight rest at C there will be no bending stress on A B, 
the strut C D receiving the thrust directly. When the weight 
occupies any position between A and ©, the portion AC will 
resemble an ordinary beam supported at A and C and Joaded at 
an intermediate point, while the projecting portion will not be 
exposed to any stress. In addition to the bending stresses de- 
veloped in A B there will be a direct longitudinal stress in the 
portion AC, equal to the horizontal component of the thrust 
in C D. 

Fig. 150 represents a useful form of crane for lifting light 
weights and may be worked by hand. It may be fixed to a 
vertical pillar or wall by means of two brackets in which the 
vertical member may rotate. 

The weight travels on a carriage along the horizontal member 
BC, which latter resembles an ordinary girder supported at B 
and C and traversed by a rolling load. In addition to the bend- 
ing moments developed in BC, there will be a direct longi- 
tudinal thrust equal to the horizontal component of the tensile 
stress on the tie A C. 

Example 6.—-In the crane shown in fig. 149, a weight of 15 tons 
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is suspended from the extremity B: Find the stresses on the 
various parts when A D=A C= 16 feet, andC B=12 feet. Find 
also the stresses when the weight rests midway between A and © 
—the tension of the lifting chain and the weight of the crane 
itself being neglected. 

If the connection between A B and C D be not rigid, A B will 
be a lever whose fulcrum may be supposed to be at C. 


If P = vertical reaction at C, 
Q = tensile stress on AD; 


then, in the first case, we get, by taking moments about A and C 
in succession— 


Px 16=15 x 28, or P=26-25 tons, 
Q x 16=15 x 12, or Q=11-25 tons. 


The bending moment at C is equal to 15 x 12 = 180 foot-tons. 
To find the longitudinal stresses on A C and CD draw the 
vertical line C ¢ = 26°25 tons, and draw ca parallel to A.C. 


e 


Ca=8.)=37'1 tons, 


This latter stress is equal to the shearing stress on the pin 
at A. 

‘The pressure on the socket at D = 26°25 — 11:25 = 10 tons. 

When the weight is suspended midway between A and C 
there is no stress whatever on the portion CB. The bending 


15 7 2 = 60 foot-tons. 


The upward reaction at Ge = 7°5 tons. 





moment at the contre of A C= 


The thrust on the post A D=7-5 tons. 
Making Cc,= 7°5 tons, and drawing the horizontal line c, a,, 
we get— 
Ca, =Scp=10°6 tons, 
¢, a, = direct tensile stress on A C=7'5 tons, 


which latter is also equal to the shearing stress on the pin 
at A. 
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The pressure at the foot of the post = 7°5 + 7'5 =15 tons. 

210. Wharf Crane.—The form of crane shown in fig. 151 is 
much used in docks and quays for loading and unloading vessels. 
It is arranged so that it can revolve in a horizontal plane round 
@ vertical line passing through its foot C. The portion above 
ground is a curved cantilever, and that below ground a straight 
cantilever. Oranes of this description sre usually made of 
wrought iron or steel, and may be circular, rectangular, or 
H-form in their cro3s-section. When circular they generally 
consist of bent plates rivetted together. When of the other two 
forms the top and bottom members or flanges usually consist of 
plates, while the webs may cither be plates or open lattice work, 
the whole being rivetted together. 

This crane is altogether exposed to transverse stresses, which 
increase in intensity as we proceed from the peak A to the 

base B, so that in an economical 

1, design the depth of the jib ought to 

be greatest at B, and gradually 
diminish towards A. 

The bending moment at any section, 

a b, of the jib at a horizontal distance 

Ww « from the line of action of the 

weight may be expressed by the 
equation M,, = Wz. 


B ; ie iy 
wy, wy This expression is slightly modified 
Yj by the tension on the. chain, which 
Yy yj latter usually passes over pulleys 
Yy = | 





- 
Yj Wy fixed to the back of the jib till it 
Ly iY Yj y reaches the drum which is fixed near 
YY YY the base. 
Fig. 151. Example 7.—A crane with bent 
wrought-iron jib has a weight of 
16 tons suspendéd from its extremity. If the section of the 
jib be of the H-form, determine the stresses on the flanges at a 0, 
the depth ab being 24 inches, and the horizontal distance of b 
from the vertical line passing through A being 6 feet. “What 
would be a convenient section for the jib if the iron be ex- 
a to a direct stress of 3 tons per square inch gross sectional 
area 
The portion of the jib Aad is held in equilibrium by the 
vertical weight of 15 tons suspended at A, and by the tensile 
and compressive stresses on the flanges at a and 0. 
Taking moments about 6 and neglecting the web, we get-— 
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8 ,x2=15 x 6, orS,=4 LS. 
Allowing a stress of 3 tons per square inch, we 
shall require eas square inches of area for the 
flange. 
The section of the jib might be that shown in _ Fig. 152. 
fig. 152. 
) 1 plate 16x § 
x 


For each flange we have a | 9 sales oie 
“ dD 


section of 15:5 square 
inches, consisting of— 1B 


o ” 





bP 


The thickness of cach web might be made # inch. 

Example 8.—The braced crane represented in fig. 153 has a 
weight of 20 tons suspended from a. The height of @ above the 
ground line=20 feet, and the depth of the foot d below the 
same line=10 feet 9 inches. Determine the stresses on the 
crane. 

There are three external forces acting on the crane—viz., the 
weight of 20 tons which acts vertically through a, the reaction 





Fig. 153. Fig. 154. 


at 6¢ which acts horizontally, and the reaction at the foot of the 
crane d; these three forces, in order to produce equilibrium, must 
meet at a single point e, so that ed will represent the direction 
of the reaction at the foot. 
To represent these forces graphically, draw the vertical line 
¢ f= 20 tons, and draw fg horizontally, meeting ed at g; gf will 
20 
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then represent the horizontal reaction along bc, and eg will 
represent the reaction at the foot of the crane. Scaling, we 
get— 

Reaction at 6c= 35-5 tons. 

Reaction at d =-:407 ,, 


Fig. 154 represents the stress diagram. This may be con- 
structed by commencing at the apex a (fig. 153) of the crane and 
finding the stresses in each member, working downwards. At @ 
there are three forces acting—viz., the vertical load of 20 tons 
and the stresses on A Y and AX. Draw, therefore, the vertical 
line X Y=20 tons,and YA, XA parallel to these members 
in fig. 153 ; these lines will represent the stresses on Y A and 
X A respectively. Then proceed in the usual manner until we 
reach the point c. 

At this point there are four forces acting—viz., the stresses 
on J Y, K Z, and J K, and the horizontal reaction atc; the first 
two are equal to each other since the members J Y and K Z are 
in one line, and the latter two are also equal. 

Drawing Y Z horizontally and equal to fg, and J K parallel 
to Y Z and equal to it, we get—J K = stress on J K = 35'5 tons, 
and K Z=stress on KZ. Proceed, then, in the usual manner 
in order to find the stresses on the portion of the crane below 
the ground level. As a check on the accuracy of the diagram, 
the last line drawn—viz., O X parallel to the member O X—must 
come to the point X. 

_ Scaling the lines, in the stress diagram, we got the following 
table of stresses :— 


TABLE LXII. : 





Fiance, {| AX | OX | EX | GX | IX | LX | NX | Ox 
Stresses : ; , ‘5 1-35. 
im Tons, }{~ 150 |-43°5 |-71°5 |-900 |~88-75|-61°5 |-335 |~35-0 
Tung, {| BY |DY | FY | HY | JY | Kz/Mz/| oz 
we Tons, [| t81°75+ 630 | +845 |+95-25|+ 1025) +102°5 +815 |+57°75 
Braces, ./ YA | AB} BC | CD! DE! EF | FG | GH 
Sn Tons, }[+28% |-21°5 [+315 |-15-0 |+31-75 +20 [+510 | +190 
Proces, .| HI | IJ | JK | KL | LM | MN | NO 
tees, }[+21-0 [+80 [485% |~205 |+250 |-37-0 [411-0 
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CHAPTER XVIL 
ARCHES. 


211. Arches may be constructed of stone, brick, wood, or 
metal. Those made of stone and brick are of very ancient 
origin, and it is not intended to treat on them here, though the 
mechanical principles regarding their stability are of the same 
nature as those which apply to iron and steel arches. 

It should always be borne in mind by the engineer that in 
designing metal arches, especially those of the unbraced form, it 
is not advisable to place too much reliance on mere theoretical 
rules, as the most refined mathematical investigations will after 
all give only approximate results. 

This being so, it is not as a rule necessary to go to the trouble 
of finding to a great degree of nicety the exact position of the 
curve of equilibrium in a rigid arch. 

The whole process of finding the stresses in an iron arched rib 
is based on the assumption that it is of uniform elasticity 
throughout ; this in practice is not so, and this want of uniform 
elasticity in the material may of itself cause the most elaborate 
investigation to vary as much as 20 per cent. of the truth. 

There are other elements which tend to modify the stresses in 
arches, the existence of which should not be altogether ignored. 
The following may be named :— 

1, Stresses set up in the arch owing to alterations in the form 
of the arch produced by unequal loading. These stresses are 
greatest when the rolling load is large compared with the 
permanent load. : 

2. Stresses induced by change of temperature. An increase 
of temperature causes the crown of an arch to rise; that of the 
Southwark bridge, which has a span of 246 feet and a versine of 
23 feet, rose 14 inches for an increase of temperature equal to 
50° Fah, 

Increase of temperattre causes the spandrils to extend longi» 
tudinally, and a vertical space should be provided at the ends 
for that purpose, 

212. Different Forms of Metal Arches.—Iron or steel arches 
may be divided into two classes, viz., Unbraced or Rigid Arches 
and Braced Arches. 

An unbraced arch consists of a single rigid rib, usually made 
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of cast iron, the stability of which depends upon the stiffness of 
the rib itself. 

Braced arches consist of two ribs, which are braced together 
by diagonal or other bracing. 

It has been seen that when a bowstring girder, consistinz of a 
parabolic bow and horizontal tie, is uniformly loaded, the stresses 
on the flanges are constant throughout, while the stresses on the 
diagonal bracing are practically nil, so that these latter may be 
removed without interfering with the stability of the girder. 
If the horizontal tie be also removed, 
and in its place be substituted the 

oh. ae resistance of the abutments, the girder 

od atta tab at becomes reduced to a parabolic un- 

braced arch, as shown in fig. 155. 

Fig. 155. The horizontal thrusts of the abut- 

ments are substituted for the tension 

on the horizontal flange of the girder, and are equal to it in 
amount. 

213. Linear Arches—Line of Pressures.—By a Linear arch is 
meant an arch that is incapable of resisting flexure, and one 
that is supposed to be subjected to direct compressive stresses 
only. It is needless to say that in practice no iron arch really 
fulfils these conditions. 

By the line of pressures is meant that line, the ordinates of 
which vary as the bending moments for the load which the arch 
supports. This line is synonymous with the curve of equili- 
brium for the load, for it is the curve to which a linear arch 
would have to be adjusted before it could support the given 
load. 

This line inverted corresponds exactly to the curve which a 
flexible cord would adjust itself to when the given load is 
applied to it. 

In designing rigid iron arched ribs, it is always advisable to 
allow the rib freedom to turn at its springings by having them 
rounded and fitting into corresponding bearings. By this 
arrangement the resulting thrusts at the abutments will pass 
through the axis of the arch, or approximately so, and the 
stresses can be determined with much greater accuracy than if 
the rib be rigidly attached to the abutments. Another advan- 
tage of this plan is that the alterations in the form of the arch, 
whether they arise from passing loads or change of temperature, 
more readily adapt themselves to these varying conditions. 

Figs. 156, 157, and 158 are examples of rigid arches rounded 
at their extremities and loaded in different ways. 
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The dotted lines in each case represent the lines of pressures. 
These lines must pass through the 
points of application of the loads, 
and also through the points where 
the arches are in contact with the 
abutments. The ordinates of these 
lines will give the bending moments Fig. 156. 
for the load. If a number of loads 
of equal value, and placed at equal distances apart, rest on the 
arch, the line of pressures will approximate to a parabolic curve, 








Fig. 157. Fig. 158. 


When the form of an arch corresponds with that of the line of 
pressures, the stresses on every part will be those of compression 
only, and the horizontal components of the stresses at every 
point will be equal to each other and to the horizontal thrust at 
the abutments. 

Tf an arch ..f this description be used for supporting a bridge, 
the roadway would be horizontal, and might be suspended by 
vertical suspenders from the arch, as shown im fig. 155; or it 
might be carried above the arch by vertical pillars or spandrils. 


Let 7=length of the span of arch, 
@ == versine or rise of arch, 
w=load per unit of length. 


Then the pressure at the crown of the arch is 


w l? 
Sen = e e a ® (1). 


This expression represents the horizontal component of tlic 
pba at any point of the arch, and it is also equal to the 

orizontal reaction of the abutments. 

The actual compressive stress at any point at a distance x 
from the centre, when the arch is a parabola, is— 


cae 
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_ If the tangent to the arch at x be inclined to the horizontal 
at an angle 4, then 


S.=Semnxsee@  . .  . (8). 


When a single weight W rests on the centre of the arch the 


horizontal component of the stress throughout the arch = i 
= horizontal reaction of the abutments, 
If W rest at a point at a distance x from the centre, 
; W (U-2 
Horizontal reaction=  - ( hes 2) ‘ . (4). 


From this it will be seen that no matter how an arch is loaded, 
we can determine analytically the horizontal reactions and also 
the total reactions at the abutments, as it is only necessary to 
find these reactions for each weight and add them togcther. 

214. Different kinds of Stresses in Arches.—When we speak of 
the line of an arched rib we mean its neutral axis, which is 
the line joining the centres of gravity of the different cross- 
sections of the rib. 

In practice, arches are not linear; the line of pressures for the 
load does not coincide with the neutral axis of the arch; so that 
at those points where this coincidence does not occur, in addition 
to the direct compression, there is a moment of flexure. 

Consider the case of an arched rib, hinged at the crown as 
well as at the abutments, as shown in fig. 159. If this be loaded 
with a weight W resting on the apex, the curve of pressures 
will consist of two straight lines A O and B O. 


Let /-= span, and v = rise. 
Compression at crown is 


V ; 
So = ue = horizontal thrust of each abutment. 


If the lines of pressure be inclined at an angle ¢ to the hori- 
zontal, the direct compression (S) at any point in the curve 
of equilibrium is— 


: Wi 
S=S, x sec 9= gy: Bec 8 ; ° - (9), 


6 in this case being constant. 
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The direct compression at any section D, of the rib is— 
p=Sxcosp . : . (6), 


where g=angle which the tangent at D makes with the line of 
pressures. 
Substituting the value of S already found, we get— 


Wl 
Sp mak? Femi 5€c @ COS Q ° . ° (7). 

Tn addition to this direct compression at D, there is a moment 
of flexure represented by 


M,=S x h . ° ° ° (8), 


where #4 = perpendicular distance between D and the line of 
pressures. 

In the present case, as we have seen, S is constant; but Sp 
varies with the angle gand is a maximum when cos g=1,; that 
is, When o= 0. 

This occurs at that point of the rib at which the tangent is 
paralle] to the line of pressures. 

Substituting in equation (8), we get— 

Ed 
ys r 


Wil \ 
: = § 6 = - 
My Lp 8 xh Tp ** 





where h,==vertical distance between the line of pressure and 
the neutral axis of the rib at the given section D. 

If the arch we are considering be acted upon by a uniformly 
distributed load, the curve of equilibrium will be a parabola 





Fig. 159. Fig. 160. 


which must pass through the springings and the apex of the 
arch, as it is hinged at these points. If, in addition to this dis- 
tributed lvad, the arch be acted upon by a moving load, the 
curve of equilibrium or line of pressures becomes altered, and is 
different with the different positions of the moving load. Of 
course, the greater the fixed load is in proportion to the moving 
load, the less will be the stress arising from flexure. 
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In fig. 160 let the parabolic line ac Od 6 represent the curve 
of equilibrium for a uniform load, and suppose this line also to 
represent the neutral axis of the arch. Each part of the arch 
will then be in direct compression. | 

If the left half of the arch be acted upon by a moving load, 
the curve of equilibrium will assume a position ac, Od, 6, 80 
that the only points of the arch which are subjected to a direct 
compressive stress will be a, O, and 0b; all the other sections 
being exposed to a bending moment in addition. The direction 
of the bending moment on the left half is downwards and in the 
right half upwards. At the point c, for example, there is--- 

Ist. The direct compressive stress, which is equal to that at O, 
multiplied by the secant of the angle which the tangent at c 
makes with the horizontal ; and 

2nd. The bending stress, which is equal to the product of the 
latter into the distance cc, 

In the same way the total stress at d, or any other point, may 
be found. 

215. Method of Loading Arched Ribs.—The load is usually 
applied to arched ribs by a series of vertical pillars placed at 
intervals, the top ends of the pillars being fixed to a horizontal 
platform which carries the roadway, and the bottom ends being 
fixed to the rib. 

The load on the roadway is thus transmitted directly to the 
arch. These pillars are termed the spandrils of the arch. If 
the pillars be placed at equal distances apart dividing the span /, 
into n equal parts, and if the span be uniformly loaded with w 
per unit of length, then the direct vertical pressure on exch 

ular = ell 
Bee 

The spandrils may also be formed of inclined bracing. 

216. Braced Iron Arches are those in which the arched rib 
and horizontal rib are connected together by diagonal bracing. 
In order to determine the stresses on such an arch it is assumed 
to be pivoted at its crown and springings, so that each half arch 
with its bracings forms an independent frame or girder. Arches 
of this kind are frequently made without these pivots or hinges, 
but with small abutting surfaces instead ; the smallness of these 
surfaces, as compared with the other dimensions of the arch, 
practically constitutes the arch a hinged one. 

Braced arches may be divided into two classes— 

Ist. Those in which one of the ribs is horizontal and the other 
arched, 

2nd. Those in which both of the ribs are arched. 
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An example of the former class is given in fig. 161. Ina 
braced arch of this form the load is applied along the top rib, 
and both this and the bottom, or arched rib, are exposed to com- 
pressive stresses tliroughout their whole length, or they are 
supposed to be; as doubtless at the centre of the arched member, 
tensile stresses are developed, though it is impossible to deter- 
mine their amount by the usual methods employed. 

In constructing a braced arch, or, indeed, an arch of any 
description, it is advisable to have it hinged at three points— 
namely, at the crown and at the springings. Even if this is 
not done it is advisable to assume the existence of these hinges 
in order to arrive at an intelligent solution of the stresses. 


ns & AS gle oka 
Q 





Fig. 161. Fig. 162. 


With this object the bottom member AC is supposed to be 
severed at the centre, and hinges are supposed to exist at B, and 
also at the abutments A and C. A further advantage of the 
introduction of hinges is, that the arch accommodates itself to 
alterations in length and form, arising from changes of tempera- 
ture or passing loads. 

The first thing to be done, in order to determine the stresses 
in such an arch, 1s to find the amount and direction of the abut- 
ment reactions. The horizontal component of these two reactions 
must in all cases be equal to each other and act in opposite 
directions, no matter what its form or in what manner it 1s 
loaded. If this were not so the arch would move bodily towards 
that abutment which exerted the least horizontal thrust. 

917. Braced Arch with Single Load.*—In the braced arch, 
shown in fig. 161, a weight, W, is placed at its centre; if the 
arch be supposed to be hinged at the centre, B, the directions of 
the reactions at the abutments must pass through this point along 
the dotted lines AB and CB. Their amounts may be graphi- 
cally determined by drawing the vertical line Bé = W, and 
drawing 6 0,, b 6, parallel to BC and BA. Then we have— 


* J am indebted to Mr. Stoney for this solution. 
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The abutment reaction at A = Bb,, and that at C = B&,. 


By drawing the horizontal lines 6,1, and 0,b., we get b,b, = bab, 
= horizontal thrust at B. These lines also represent the hori- 
zontal component of the abutment reactions. 

Next consider the effect of a single weight, W,, resting on the 
girder at a point away from the centre. The right semi-arch in 
this case is only acted upon by two external forces, neglecting 
the weight of the arch itself—viz., the pressure of the left semi- 
arch at the crown, B, and the reaction of the right abutment. 
As these forces hold the semi-arch in equilibrium, they must be 
equal to each other and act in opposite directions. Consequently 
the reaction of the right abutment must pass through the 
point B. 

Considering the arch as a whole, it is acted upon by three 
external forces—viz., the reactions at the two abutments and the 
vertical load, W,. To constitute equilibrium these forces must 
meet in a single point. To find this point, c, produce CB so as 
to meet the vertical through W, ine. Joine A; this latter line 
will represent the direction of the reaction of the left abutment. 
To determine graphically the amounts of the abutment reactions ; 
on the vertical line through ¢, set off ec, = W,; draw c,c¢, and 
¢, c, parallel respectively to Ce and Ac; 


ec, = reaction of the lefl abutment, 
ec, = reaction of the right abutment. 


Knowing these abutment reactions, we can determine, by the 
aid of a stress diagram, the stresses on all the members of the 
arch in the usual way. 

218. Braced Arch Loaded with a Number of Weights._-In the 
braced arch, shown in fig. 161, suppose the apices to be loaded 
with weights W,, W., W., &c. The stresses produced in each 
member of the arch by each weight taken in succession may be 
found, and by adding all these stresses together, the total stress 
in each member may be determined when all the weights act 
simultaneously. 

A more direct plan, however, is first to determine the abut- 
ment reactions due to all the weights taken together, and then 
to find the stresses in the usual way by the aid of a stress- 
diagram. 

We will explain how these abutment reactions may be graphi- 
cally determined. 

The -braced arch may be considered to be composed of two 
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separate and independent semi-arches hinged at the crown. 
These semi-arches are in reality braced girders. We can, there- 
fore, determine by the principle of the lever the vertical reactions 
at the supports A, LB, and C. 

Let tho vertical reactions at A and B, for the left semi-arch, 
be « and y respectively, and those at C and B, for the right 
semi-arch, be a, and y,. 

In fig. 162, on the vertical line ae, set off ab = x, bc = y, 
cd=y, de = x. 

Through b and d draw 60, dO parallel to BC and AB 
respectively ; join a O, ¢ O, and e O. 

The lines aO and eO will represent both in magnitude and 
direction the reactions at the abutments C and A, and the line 
eQO represents the stress on the pin at the hinge B. 

Fxample 1.—A wrought-iron braced arch of 100 fect span has 
a rise or versine of 10 feet, and the depth at the ends measured 
from the springing to the upper member is 12 fect 6 inches. 
The upper or horizontal member is divided into cight equal bays 
of 12 feet 6 inches each, and the bracing consists of isosceles 
triangles, with the top bays as bases. Find the stresses on the 
various members of the arch, 


1. When a load of 15 tons rests on the centre, 

2. When a load of 15 tons rests on an apex 25 feet to the 
right of the centre, 

3. When each apex is loaded with 15 tons. 


Fig. 163 represents the arch drawn to scale. 





Fig. 163. 


Case 1.—Fig 164 is the stress diagram when the load rests on 
the centre, and is constructed thus :— 

Draw the vertical line v K=15 tons. Through « and K 
draw a J, K J parallel to bc and a 6, the direction of the 
abutment reactions. 


K J =reaction of left abutment = 30:9 tons, 
2 J =reaction of right abutment = 30-9 tons. 
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At the point a, fig. 163, there are three forces acting, viz., the 
abutment reaction which acts in the direction a 6, and the 





Fig. 164. 


stresses on the members A K and AJ. The line J K, fig, 164, 
represents the former. By drawing J A parallel to the member 
AJ, and K A parallel to the mcinber A K, we get-— 


JA=S,,and AK =8,,. 


The remainder of the diagram is constructed in the usual way. 
The following table represents the stresses on the left half of 
the arch, those on the right half being the same :— 


TABLE LXIIL. 
ar ee | Pe eAe Te a ae ee 
Flanges, | BK!) DK PK) WK Ag CJ] EJ Ga | 


Stress in tons, ~1°7) ~6°G) —4°S | +132! 431-5) +. 35-1) 4-36°6 +276, 


nae BC ;,;CD DE; EF|FG/|GH| HJ 








Diagonals, 





Sivetein tana: nt +3°2/ -3'5 bias +09) -12 a de Meee 
| | 


sna eaneenen eeemsemenetemaneetennsenet tert 


The horizontal line J J,=stress on the pin at b=30 tons. 
This also is equal to the horizontal component of the reaction 
at each abutment. 

Case 2.—Fig. 165 represents the stress diagram when the 
load of 15 tons rests at the point 8,. 

As the reaction of the left abutment passes through 4, fig. 163, 
produce ab so as to intersect the vertical through 6, at the 
point b,. Join b,c. This line will represent the direction in 
which the reaction of the right abutment acts. Take the vertical 
line K, K, fig. 165, = 15 tons; draw K,J, and KJ parallel to 
¢ b,, and a 6, ; then— 
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Kk, J =reaction of right abutment = 18-75 tons, 
K J = reaction of the left abutment = 15°45 tons. 


The horizontal line through J, meeting K, K, represents the 
horizontal component of the reaction of each abutment. This 
also represents the stress on the pin b at the crown of the arch. 


Ki B, D, 





Fig. 165. 


In finding the stresses by the diagram we start at the points 
@ and ¢, fig. 163, in succession, and find the stresses on each 
member from these points towards the apex. This is clearly 
shown in the diagram. 

As a check on the accuracy of the diagram, the last line 
drawn for the left half of the arch, viz., HJ, which is drawn 
parallel to the diagonal H J, should come to the point J, so as 
to form a closed polygon. Similarly, the last line drawn for the 
right half, viz, H, J parallel to H, J in fig. 163, should also pass 
through J. 

Case 3.—Fig. 166 represents the stress-diagram when each 
apex is loaded with 15 tons. 
It is constructed by drawing 
the vertical line K K,= 105 
tons, the total load resting on 
the arch. Set off K K,=K, K, 
= K,K,, &e, =15 tons. Each 
half of the arch is loaded with 
525 tons. The vertical pro- 
portion of the load on the left 
half borne by the abutment at 
a= 22°5 tons, and at the apex 
b is 30 tons, Similarly, the 
vertical reaction of the right 
abutment at c= 22:5 tons, and 
that on the pin at the apex=30 tons. Set off, therefore, on the 





318 ARCHES. 


vertical line K K,, K a,=K,2=22°5 tons; then 2, O=x%O 
=30 tons. Draw «Jd, x,J parallel to the dotted lines cb and 

6b. Join KJ, K,J. These lines will represent the reactions at 
the left and right ‘abutments respectively, both in direction and 
magnitude. The horizontal line J O will represent the horizontal 
thrusts at the abutments, and also the stress on the pin at the 
apex of the arch. 

Knowing the abutment reactions the stresses are easily found, 
as shown in the diagram. 

219. Stresses on the Braced Arch by the Principle of Moments. 
— The stresses on a braced arch with only one svstem of trian- 
culation, may he also deterinined analytically by the aid of the 
principle of moments. Taking the case we have just been con- 
sidering—namely, the arch loaded at each apex with 15 tons— 
let it be required, for example, to determine the stress in the 
horizontal bay F Kg. 

Through a and e draw az and ex parallel to J K and J K- 
(fig, 166); azand ez will represent the directions of the abutment 
reactions. 

Draw ff, perpendicular to the bay F K, and /f, perpendicular 
toaz TT ie pertion of the arch to the left of the line Tf, is held 
in equilibrium by three external forces and the stress on the 
bay FRA. The external forces are the abutment reaction equal 
10 131 tons acting along the line as, and the two vertical louds 
of 15 tons acting ver tically downwards at the two apices. The 
abutment reaction tends to lift the segment upwards round the 
point fas a hinge, while the vertical loads at the apices tend to 
turn it in the opposite direction. Consequently the moment of 
the stress in Fk, must be equal to the difference of the nioments 
of these external forces. 


S vx, x ff = 131 x ffy- 15 (6-25 + 18°75) = 131 x 48-15 x 25; 


or S;,, = 63°4 tons. 
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CHAPTER XVIII. 


ROOFS. 


STRESSES oN Roor Trusses. 


220. Roofing may be divided into two parts, namely :-— 


Ll. The Framework. 
2. Phe Covering. 


The architect has principally to do with roofs made of timber, 
while those made of iron or steel usually fall within the province 
of the engincer. 

Timber roofs, as a rule, are employed only in covering buildings 
of small spun, such as houses, churches, and the smaller ware- 
houses and mills. 

The sizes of the rafters, purlins, and other members of such 
roofs are generally fixed by the light of practical experience ; the 
architect in too many cases not troubling himself with the stresses 
coming upon them. 

In those roofs in which a combination of timber and iron is 
used, the main rafters and struts of the principals are made of 
timber, while the members in tension are made of wrought-iron 
or stcel rods. ‘Trusses of this composite structure are not, as a 
rule, to be recommended, for reasons which have been referred to 
in Art. 18. 


The framework of a roof consists of— 


}, The main trusses or principals. 
2. The purlins or scantlings connecting the principals together. 
3. The sash bars, intermediate rafters, wind ties, de. 


Under the head of framework are sometimes included the 
girders and columns for supporting the roof. 

221. Main Principals.—-The main trusses or principals may be 
supported on walls, columns, or girders, and as far as their. 
design is concerned may be classed under two main heads, 
Vz. -— 

1. Complete trusses or those in which the pressure on the 
supports acts in a vertical direction. 

2. Arches, braced or otherwise, which produce an outward 
pressure on the supports. 
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Trusses of the first-class may be subdivided into two groups: — 


(a.) Those with straight rafters, examples of which are given 
in figs. 173 and 188. 

(6.) Those with curved rafters (Bowstring trusses), like that 
shown in figs. 194 and 196. 


Fig. 167a is an example of the second-class, and represents a 
braced arch. 

Principals of the first-class are, like an ordinary braced girder, 
self-contained, and exert only a vertical pressure on the supports, 
except it be a side thrust arising from the pressure of the wind. 
The various members of these principals are exposed to compres- 
sive and tensile stresses ; the main rafters being in compression 
while the bottom members or main ties are in tension. The 
intermediate bracings connecting these together may be exposed 
to compressive or tensile stresses according to their position. 

The load on a roof being constant, or nearly so, it follows that 
the amount of stress on any particular member does not vary, 
er varies only in very small degree, except in the case of a light 
roof when a strong wind is blowing, or whena large accumula- 
tion of snow takes place. It is not often, however, that these 
events occur, so that practically speaking the stresses on the 
different members are constant. 

In principals of the second-class, the stability of the roof 
depends not only on that of the main ribs themselves, but also 
on the suitability of the supports to resist a lateral pressure. 
Generally speaking, arched principals are used only in very large 
spans, or where a clear headway is required, or to produce arclil- 
tectural effect. 

222. Simple Forms of Roof Trusses.—The simplest form of 
roof truss is the isosceles triangle, shown in fig. 167. The 
height of the apex above the abutments varies from one-fifth to 
one-third of the span. The most common being one-fourth or a 
little more. AC and BC are the rafters, and A B the main 
tie. 


Let W = distributed weight on principal, 
(== span, 
h = height of apex above tie bar or the abutment. 


A uniform load W, so far as the direct stresses on the truss 


are concerned, is equivalent to ,- acting vertically downwards 
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at the apex; this produces a vertical reaction at each of the 


WwW 
abutments = rt 


Taking moments about the apex, we get— 


WwW Wil 
Sanxh=—_ * 5) or San=Qq 
Sac Ssc= Sap x SeC ears sec 6 


where 6= angle of inclination of the rafters to the horizontal. 

In addition to this compressive stress on the rafters, they will 
be exposed to transverse stresses with a uniform load ; if their 
length be considerable they become deflected, thereby resembling 
long bent struts. In this form they do not possess much 





Fig. 167. Fig. 167a. 


strength ; hence the desirability of stiffening them by .introduc- 
ing intermediate bracing. The truss shown in fig. 157 is for this 
reason only suitable for very small spans. 

If the horizontal tie be omitted, there will be an outward 
horizontal thrust on the abutments = ] - 

When the span of the roof is too great for the form of truss 
shown in fig. 167, further bracing should be introduced, as 
shown in figs. 168 and 171. In these examples the deflection of 
the rafters is prevented by the introduction of struts which are 
attached to their central points ¢ and f The introduction of 
these struts, de and df, necessitates the addition of the vertical 
tension member 6d to balance the downward thrusts. 

If one of these principals be loaded with a distributed weight 


W, this weight will be equivalent to a load of [ on each bay, 


or to three loads of ud each resting at the points ¢, ¢,and f, and 


21 


332 ROOFS, 


wise 
two loads of “g Testing at a and 6; the upward reaction at each 


abutment being equal to } W. 
Example 1.—A roof is supported by principals of the form 
shown in fig. 168, which are 35 feet span and 8 feet 9 inches 


Cc 
B, _ 
| 


_ : 


= 





Fig. 168. Fig. 169. 


in height, and placed 10 feet apart. Ifthe total vertical load on 
the roof be equal to 20 lbs. per square foot of roof area, deter- 
mine the stresses on a principal. 


Slope of roof ab= AV (17-5)? + (8-75)? = 19-57 feet. 


ae 
B, D 
A oO, 
B 0, 
0, 
Fig. 170. 


Load on one principal] = 2 x 19-57 x 10 x 20 Ibs. = 7828 Ibs. = 70 
owts. nearly. 
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This is equivalent to a load of 17-0 cwts. resting on each of 
the apices e, 6, and 7, and loads of 8:75 cwts. resting at @ 
and c. 

The upward reaction at each abutinent = 26-25 cwts. 

To construct the stress diagram, on the vertical line CC, 
(fig. 169), set off CD=DD,=D,C,=17°5 ewts. Take O the 
centre of C C,, then 


CO=C, O= 26-25 ewts. the reactions at abutments. 


The further explanation of the stress diagram is not neces- 
sary. 

By scaling, we get the following stresses on the different mem- 
bers of the principal :— 


TABLE LXIV. 








Members, . . . « AC 








BD | B,D, | A4,c, | AB 


Stress in Cwts., .. | +58°75 | +39°35 | +39°25 | +58°75 | +195 


creep eee ine ae Ane i geile “tet TeMem Ca ee 
tte tet ee ne ane rreinenneMmr Rn ne er mL 


Members, . . . .| A,B, AO 











Stress in Cwts., . 


These results may be checked thus :—By aes moments 
about e, we get— 


Sao X 4°379 = 26°25 x 8-75, 
or Syo9 = 025 cewts. 


Example 2.—In the last example, if an additional load of 
40 Ibs. per square foot be distributed over the left slope of the 
roof, determine the stresses. 

In this case the total load at ¢=52°5 cwts., that at b= 35-0 
ewts., and that at f= 17°35 ewts. 

The upward reaction at left abutment = 61:25 ewts., ‘and that at 
the right abutment = 43°75 ewts. 

Proceeding as before (in fig. 170), on a vertical line, make C D 
' = 525 ewts., D D,=35 ewts., and D, C,=175 ewts. Also make 
C O = 61°25 cwts., ‘and O C,= 43°75 ewts., and construct the dia- 
gram in the usual way. 

The following are the stresses as found by scale :— 
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TABLE LXV. 























Stress in Cwts., . . +195 | -12255 | 


Members, . . . . AC BD B, D, | A,C, | AB 
Stress in Cwts, . . | +138 | +79°5 | +795 | +9925 | +59°0 
Members, . . . A,B, AO | A, 0 | BB, 

~ 87D : — 35°0 


} 


Nema Ee TTR eR Rt 


By taking moments about e and f in succession, we get— 


Sao x £375 = 61:25 x 8°75, or Sy 9 = 122°5 tons ; 
Sa,0 % 4375 = 43°75 x & 75, or S49 = 87°5 tons. 
Example 3.—Fig. 172 represents the stress diagram of the 


truss, shown in fig. 171, when loaded similarly to that in 
Example 1. This truss is similar in every respect to that shown 





Cc 
B, 
D 
As 
D, 
O, 
Fig. 171. Fig. 172. 


in fig. 168, except that the centre of the main tie rod d@ is 
raised 2 feet. 

It will be seen that the stresses in the rafters and main ties 
are considerably greater than those in fig. 168. The smaller 
the angle between the rafter and the main tie, the greater will 
be the stresses on those members, and consequently the less 
economical the design. A horizontal tie bar gives the most 
economical results. It is often, however, advisable to raise its 
central point in order to give increased head room, or on account 
of appearance. 

Figs. 173 and 175 represent further developments of this class 
of truss in which the main ties may be either horizontal or 
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inclined, as shown. Roofs of these types made in wrought iron 
or steel may be used for spans varying between 40 and 100 feet. 
For greater spans it is advisable to employ principals of different 
design, usually those of the curved form, such as the bowstring 
truss or the braced arch, being used. 

Example 4.—Find the stresses on a principal, 90 feet span, of 
the design shown in fig. 173. The apex of the principal is 
25 feet above the line of the abutments, and the centre of the 
main tie is 5 feet above the same line. 

Each rafter is divided into five equal bays by the intermediate 





Fig. 173. 


bracing. The principals are situated 20 feet apart, and the total 
vertical weight coming on the roof is equal to 50 lbs. per square 
foot of horizontal area 
covered; the wind pres- 
sure being neglected. 

Load on principal = 90 
x 20 x 50 lbs. = 40 tons 
nearly. 

This is equivalent to 4 
tons resting at éach apex, 
and the vertical reaction at 
each abutment = 18 tons. 

Fig. 174 is the stress dia- 
gram, and is constructed 
by setting off on the ver- 
tical line JJ,, JK = K L 
=LM, &c, = 4 tons, and 
making J O = J,O= 18 tons, 
the reaction at abutments. 

The following Table gives the stresses on one half of the 
principal, as found from the diagram, the stresses on the second 
half being the same :—- 
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TABLE LXVI. 
Main Rafters, . .| JA | KB | LD } MF | NA 
Streasin Tons, . . | +466 | +41:7 | +36°3 +30°9 | +26-0 
Main Ties,. . . . AO CO 50 ! GO 
Stressin Tons, . .: —41°6 (| —36'4 — 82-0 ~ 27°3 
Diagonal Struts, . | AB . CD EF 3 GH 
Stress in Tons, . . | +48 | 45°77 | 47:1 : +87 
Vertical Ties, . | BC | DE FG | HH, 
Stress in Tons, | -20 | -40 | ~60 | -21°0 


rrr naira earennte!? Mapa arn SON ONT Ne LFA ne NeneEANats TE AALS ROR UNIT ete RAS ETAAAARPENU NNR MRT WET OR mH RAMI PRM a et nso atnemnadedininnenedttneer te 


Method of Moments.—The stresses thus found graphically may 
be checked ,by Ritter’s method of moments. The following are 
the results calculated to one place of decimals. In order to find 
the stresses on the diagonals and vertical bracing we take 
moments about the point a, and to find the stresses on the 
main rafter and main tie we take moments about the apices 
along the main tie and the rafter respectively. 


¥or the diagonals— 


Sanx @4=4x 9, or S,,= +4°8 tons. 
Sen x 18-8 =4 x 27, or Sop= +57 ,, 
Sex 302=4.x 54, orSp-= +71 ,, 
Seu x 41-°2=4x 90, or Sgu= +87 ,, 


For the verticals-— 


Sac 18=4x 9, or Syg= — 2-0 tons 
Spex 27=4x 27, orSpzp=—-40 =, 
Syg x 36=4x 54, or Ss,= — 6-0 ” 


For the rafter bays— 


Say X 3°48 = 18 x 9, or 8,5, < + 46% tons. 
Seunx 69 =18x 18-4 9, or Bgy=4+417 ,, 
$1 10-4 = 18 x 27 ~4 x 27, or Sor= + 36°3 9 
Spy 140 =18 «x 36-4. 54, or Spy = +309 
Sux * 17:4 =18x45-4x 40, or Syy= + 26D 
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For the main tie— 


S.0%: 39=18x 9, 


or S,o= —41°6 tons. 


Soe TUT 1824 Dor eaek y 
Sox 11-8=18x 27-4% 27, or S,,=-320 | 
Soo x 15:8=18 x 36-4 x 54, or Seo= — 27:3 ” 


Example 5.—A roof 50 feet span, principals 10 feet apart, of the 


form shown in fig. 175, 
is loaded vertically with 
30 lbs. per square foot of 
roof area, distributed 
over its whole surface. 
In addition to this there 
is a horizontal wind pres- 
sure of 40 Ibs. per square 
foot on the right slope. 
Determine the stresses 
on the principal, the 





angle which the rafters make with the horizontal being 30°. 


Length of slope of roof=25 sec 30° = 29 feet nearly. 
Distributed dead load on roof = 2 x 29 x 10 x 351bs. = 9tons nearly. 


This is equivalent to five vertical loads of 1-5 tons each resting 


on the apices e, f, 6, g, 
and A, and two loads of 
0:75 ton each resting at 
aand ¢ directly over the 
abutments. 

Byreferringtothetable 
on wind pressures (see 
Art. 229, Chap. XIX.) 
we find that a horizontal 
wind pressure of 40 lbs. 
per square foot acting in 
a direction normal to the 
length of the roof is equi- 
valent to a force of 26:4 
Ibs. per square foot act- 
ing normally to the slope 
of the roof. 

We have, therefore— 





Fig. 176. 


Wind pressure acting on one principal = 29-0 x 10 x 26-4 lbs, 


= 3°42 tans 
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This is equivalent to pressures of 1-14 tons acting at the apices 
g and h, a pressure of 0-57 ton acting at } and ¢, all in a direc- 
tion at right angles to bc. the pressure on c may be neglected, 
as it comes directly on the abutment. 

Let R and R, = reactions from wind pressure at right and left 
abutments, we get by taking moments about a and c— 


R x 43:3 = 0°57 x 14:34 1:14 (244 33°6), 
or, R=1°7 tons, 
and R, = 2°85 — 1-7 =1:15 tons. 


The vertical reaction at each abutment from the statical load 
=3-75 tons. Draw the vertical lines 06,, gg,, and hh,, each 
=1-5 tons; and 0, 6,, g, 9), 4, Ag in a direction perpendicular to 
bc, and make b,6,=0°67 ton; 9, 9,=h, h,= 1°14 tons; join b b,, 
9 Go, and hh,; then these lines will represent graphically the 
total loads acting at 6, g, and h. 

Again, draw the vertical lines aa, and ¢c,=3-75 tons, and 

_ . ¢ %& perpendicular to bc, making — _ ~ ___ tons, and 
¢, C= 1°7 tons; then aa, and cc, represent the total reactions at 
the left and right abutments. 

In order to construct the stress diagram take the line E O 
(fig. 176) equal and parallel to a@,, and E, O equal and parallel 
to cc,, and proceed in the usual manner to construct the stress 
diagram. The following table gives the stresses :— 


TABLE LXVII. 





Ai By 


| +1025 


Rafters, . .| AE BF | DG | DiGi ! Bi Fy 





Stress in Tons, . | +9°5 +80 | +6°4 +6°1 +8°2 
Diagonal Struts, | AB | CD | GD; } ArB 

Stress in Tons, . | +1°52 | +2°05 | +365 | +2°65 
MainTie, .| AO | CO | C,0 | ALO 
Stressin Tons,.| ~76 | -63 | -7:35 | -9°7 

Vertical Ties, . | BC DD, | BiG: 


Stress in Tons, . ~0O'8 | —-425 | ~1°35 
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The student should check these results by the principle of 
moments, 

Example 6.—Fig. 177 represents a cantilever truss, 20 feet 
span, and is uniformly loaded with 8 tons. Determine the 
stresses: the inclination of the top member being 30° to the 
horizontal. 

The load is equivalent to 2 tons resting at b,c, and «, and 
1 ton resting at a and e. 

The cantilever exerts a horizontal thrust against the wall at 
the point g, and a pull at e. This pull may be taken up bya 
bolt, ef, passing through the wall. 

The stress diagram is shown in fig. 178. 

On the vertical line OJ make OG=1 ton, the load acting 
ata. GH=HI=I1J=2 tons, the loads acting at b,c, and @. 





Fig. 177. Fig. 178. 


The diagram is then constructed in the usual way, and the 
stresses are given in Table LXVIII. 1t will be noticed that 
the inclined member ae is in this case in tension, while the 
horizontal member ag is in compression, the reverse of what 
occurs in an ordinary principal supported at the two ends. The 
inclined bracings are struts, and the vertical bracing ties as 
before. The horizontal line F F, (fig. 178) represents the tensile 
stress on the tension bolt ef This. may be checked by taking 
moments about g, thus :— 


S,,x 1154=1 x 2042 (154+ 10+ 5), or 8,,= 6°93 tons. 


If, in addition to the vertical loads on the cantilever, there be 
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2 wind pressure equal to 4 tons, acting in a direction normal to 
the slope of the roof, 
the stresses may be 
determined thus :— 

The wind pressure is 
equivalent to | ton, act- 
ing at each of the apices 
b, c, and d,and } ton 

e acting ata and e; that 
at ¢ will not affect the 
stresses. Draw the 
vertical lines aa,, 6 b,, 
cc,, and dd, to repre- 
sent the vertical loads 
at these points, and 
draw a,a., 6, b,, ¢; a 








fe) A Cc E and d,d, in a direc- 
Fig. 179. tion perpendicular to 
ae, and equal to the wind pressures at these apices; then 
TABLE LXVIITI. . 
semervor tron | iain” | Side” | Seana! 
AG ~2°0 ~ 0°S7 — 2°87 
BH -~4:0 ~— 1°45 — 5°45 
DI -6:0 -~20 - 8-0 
FJ ~8°0 — 2°35 — 10°55 
AO +1°74 +10 +2°74 
CO +3°48 +2°0 + 5°48 
EKO + 5°22 +3°0 + 8°22 
AB +20 +1717 +3°17 
CD +27 +15 +42 
EF +3°5 +2°0 +5% 
BC -1°0 — 0°57 ! ~ 1-57 
DE -2:0 -117 | -~3°17 





ad 
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@ a, bb, ec, and dd, will represent the total loads at the 
ditierent apices. In fig. 179 draw OG, GH, HJ, and IJ equal 
and parallel to the loads at a, b, c, and d, and construct the stress 
diagram as before. The complete stresses are given in Tuble 
LXVITI. 

The main tie bar of a principal, instead of forming one or 
two straight lines, may be 
arranged so as to form 
several, as shown in fig. 
180; the feet of the 
verticals in such case are 
usually arranged so as 
to lie in a circular or 
elliptical curve. This 
serves the purpose of Fig. 180. 
giving the principal a 
graceful appearance, and is frequently adopted with this object. 

Lwample 7.—Fig. 180 represents a principal 45 feet span and 
15 feet rise at‘the apex ; the centre point of the main tie having 
a rise of 4 feet 6 inches, and the feet of the verticals lying in 
a circular curve. Fig. 181 
represents a stress diagram for 
this principal when a weight 
of 2 tons rests on each apex ; 
the principal being symme- 
trically loaded, the stresses on 
each half will be the same as 
shown in Table LXIX. 

Fig. 182 represents a stress 
diagram for the same principal 
when an additional weight of 
snow equivalent to 3 tons, or 
1 -ton per bay, rests on the right slope. Under these conditions 
the loading is equivalent to weights of 2 tons resting at d and e ; 
24 tons resting on the apex c, and weights of 3 tons resting. 
at f and 9. 

Reactions at left and right abutments are 5:75 tons and 6°75 
tons. 

Tn fig. 182 make O F =5-75 tons, and O F, = 6°75 tons. 


Set off F G=G H = 2 tons, H H, = 2:5 tons, and H, G, 
=G,F,=3 tons. The stresses are given in Table LXIX. . 


Fig. 183 represents a form of truss belonging to a different 
family or series to those we have been considering. It has no 








Fig. 181. 
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vertical members. The form shown may be used for small spans 
up to about 40 feeé when made in wrought iron or steel. It may 
also be used as a composite truss; the rafters being made of 





Fig. 182. 


wood, the struts of wood or cast iron, and the ties of wrought 
iron or steel, 


TABLE LXIX, 














Members. Stree Sueein ons Werbara: | gies Uattortt| | tonne, [Supryntore| Sewmin tom | 4c | Sree in tom strona Ton 
Nl gag ONE las 
AF | +178 +204 AO | ~157 ~ 21-2 
| ca +1185 4143 || AB -2:1 2-2 
' EH +7°7 +98 CD ~29 -3°3 
| E,H, |) +77 +9°6 EE, ~6%5 -8'l 
| c,G, | 41g | 415-7 D,c, | -29 40 
| ALF, +17°8 +241 | BLA, -21 -2°6 
| ao | -157 | -179 | BC +51 +541 
BO | -152 | -173 | DE +43 +47 
DO | —9-9 -119 E,D, +43 +63 
~Dd,0 | -99 | -191 | ©,B, | +51 +71 
ee ! —15°2 ~20°5 esa 
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Example 8.—Determine the stresses on the truss shown in 
fig. 183; the span being 35 feet, height of apex 8 feet 9 inchcs, 
and height of the horizontal tie 1 foot 9 inches. 

It supports a uniformly distributed load of 6 tons. This load 
is equivalent to three loads of 1°5 tons resting on the apices 
d, c, and e, and two loads of 0-75 ton resting at a and 8, 

Net vertical reaction at each abutment = 2-25 tons. 





B, D 
A, E 
oO 
A E, 
es B D, 
Fig. 183. Fig. 184. 


Fig. 184 represents the stress diagram, and the following are 
tho stresses :-— 


TABLE LXX. 


| | | 
Members, . | AD | BE Es /A:D, | AO | BC | 














Stress in Tons, +7°76 | +709 | +7°09 | +7776 | - 7°02 | ~ 3°48 
: 
ee a eee See : 
Members, ‘ CO CB, A,0O AB | B, A, | 
Stress in Tons, | -3° | -3-48| -7-02| +1:33| +1°33 | 


Teen eee nnnnneRARnOshbenememmntenreensn aenensanaenetebemenmnangeanenanammnnmmnenenemmemanenemmmnnemrinatbll tt 
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The results may be checked by moments. 
Thus to find stress on the horizontal tie; by taking moments 
about the apex we get— 


Seo X 7= 2°25 x 17:5 -—1°5 x 8°75, 
or Spo = 375 tons. 


The form of truss shown in fig. 185 is merely a development 
of the last, and may be used for larger spans, say up ‘to 45 or 
even 50 feet. Instead of each rafter being stiffened by one strut, 


two are introduced ; the pointy where they intersect the rafter 
dividing it into three equal bays. 


334 ROOFS. 


Example 9.—Draw a stress diagram for a principal 50 fect 
span similar to that shown in fig. 185, the height of the apex 
from the wall plate being 15 feet, 
and that of the central horizontal 
tie being 1 foot 6 inches. The 
principals are situated 15 feet 
apart, and the vertical load on 
we the roof is equal to 36 lbs. per 
Fig. 185. square foot of the horizontal area 

covered, 





Weight on cach principal = 50 x 15 x 36 Ibs. =: 12 tons nearly. 
This is equivalent to a weight of 2 tons resting at each of the 
five apices of the principal. 


Vertical reaction at each abutment = 5 tons. 





Fig. 186. Fig. 187. 


Fig, 186 is the stress diagram. By scale we get— 


TABLE LXXI. 





Members, . | AE | BF : CG {C,G, BF, /A,E, AQ} CD 
Stress in Tons, {+ 13°G)+11-2)4+11:8)+11°8| + 11-2) + 13-6) -12-1/-6°0 


Lscenicentadiemaiandataane 





Members, po | c.p A,O} AB | BC |C,B,{B,A, 


Stress in Tons, ;~6°6 “-6°0 |-12:1/423 [42:3 |+23 (+23 
\ 


By taking moments about the apex we get— 
Syox 115=5 x 25-2 (8:3 + 16-6), or S, 9 = 6:52 tons, 
which agrees very nearly with the result found by the diagram. 
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10.—In the last example, if the left slope of the roof 
be covered, in addition, with snow weighing 6 lbs. per square foot 
of horizontal area, determine the stresses on the truss. 
Weight of snow on pencil = 25 x 15 x 6 lbs. =1 ton nearly. 
This is equivalent to } ton on each bay on the left slope, so 
that the total load on the principal will be distributed as follows :— 
At the points d and e there will be loads of 23 tons, at ¢ of 2}. 
tons, and at fand g of 2 tons. 
Reactions at left and right abutments are 5°58 tons, and 5:25 
tons. Fig. 187 represents the stress diagram. 
OE=5:'58 tons, OF, =5:25 tons, EF=F G= 2? tons, 
Gy G,=2} tons, G, F, =F, 1H, =2 tons. 
The following are the stresses :— 


TABLE LXXII. 


et ett tn a YA NNER UN I ne Rn PERRI ts Feee TS 


Members, . | AE Br | ce 'c,@,/B,7,/A,8,| 40 cD 





+12°2, +11°5/+ 14°0|- 13-75] - 7-0 





Stress in Tons, | +15°4/+ a +13°3 


tte ae cm eR eRe 
ee A ee NRA 2 SIM at nett ae 


Members, . [po DO |,C,Dj A, o| 


bt RE NR A EE ST ———— 


AB | BC 0.3, BA, 
428 [+28 +o 24 











| 
| 
| 


Stress in Tons, aes -5'7 |-12°6 





Taking moments about ¢ we get— 

Bio 115=5:25 x 25-2 (8:34 16-6), or Spg=7'1 tons, 
which agrees very nearly with that found from the diagram. 

223. French Truss.-The form of principal shown in fig. 188 
ig generally known as the “French Truss.” Figs. 183 and 185 are 
modifications of it. This is a favourite truss for spans varying: 
from 40 to 80 feet. 

Example 11.—-Determine the stresses on the principal shown 
in fig, 188: the span is 
70 feet, slope of rafters to 
horizontal = 30°, rise of 
horizontal tie-bar above 
wall-plate, 3 feet. ‘The 
principals are placed 16 
feet apart, aud tho vertical 
load on the roofisassumed @ 
at 50 lbs. per square foot Fig. 188. 
of horizontal area. 

Total load on principal = 70 x 16 x 50 lbs. = 25 tons. 
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This is equivalent to loads of 3:125 tons acting at each of the 
points d, e, f, c,g, h, and 1, and loads of 1:5625 tons acting at 
a and 6 directly over the abutments. 

As the stress diagram for this principal involves a little diffi- 
culty, we shall describe it in detail. 

Vertical reaction at each abutment = 10-93 tons. 

In fig. 189, on a vertical line make H O=0O H, = 10°93 tons. 

SetoffH [=I J=JK=KK,=K,J,=J,1,=1,H,=3:125 tons. 

Consider the stresses on the left half of the truss. 

Draw HA parallel to rafter ac, and O A parallel to main tie 
aj. Next consider forces acting at d; draw I B parallel to 
rafter, and A B parallel 
to strut A B—these lines 
give the stresses on those 
members. Next consider 
stresses acting at the 
point /; all these are 
known except those on 
BC and CO; draw BC 
(fig. 189) parallel to BC, 
meeting AO in O, then 
BC=Sgeand CO=8 5. 
At this point the dith- 
culty occurs. If we con- 
sider either the points e 
or 7 we find that there 
are three unknown forces 
acting at each of them, 

Fig. 189. and consequently by the 
ordinary method the forces 
are indeterminate, and it will be necessary to make an assump- 
tion of the stress upon one of the members. From the position 
of the strut C D it might reasonably be supposed that the stress 
upon it is double that on the strut A B, and the correctness of 
this assumption is subsequently verified by the stress polygon 
closing. Consider then the forces acting upon e, two of which 
only are unknown. Draw CD (fig. 189) parallel to C D, and 
make it equal to twice AB. Through D draw DE parallel to 
DE, and through J draw JE parallel to the main rafter and 
meeting DE at E. We have then DE=S,,, and JE=S, ,. 
The remainder of the diagram presents no difficulty. By draw- 
ing DG parallel to tie DG, and OG parallel to the horizontal 
tie GU, we get DG=8),, and GO=S, o, and so on for the 
remainder of the diagram. 
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The stresses on the right half of the principal are the same as 
those on the left, and if the diagram be correctly drawn it will 
be found to close. 

The following table gives the stresses on one half of the truss. 

It is usual in principals of this class to introduce a vertical 
member connecting the apex with the centre of the horizontal 
tie GO. Theoretically there is no stress on this vertical, and it 
is not shown in the figure. The reason of its introduction is to 
keep the horizontal tie straight. 


TABLE LXXIIL 





bers, , : 


Compressive Mem- }x A! IB JE KF AB 1|CD! EF 


Stress in Tons, . | +28°6| +26°9| +25°4) +233) +26) +5°2| +2°6 
Tension Members, | AO CO GO | DG | FG | BC | DE 
Stress in Tons, , | —24°8{| —21°3} -12°6| -96)| -—13°2| -3°6| -3°6 


By taking moments about c, we obtain— 


Soo x 17°3= 10°93 x 35 — 3125 (8°75 + 17d + 26°25), 
or Sg, = 12°63 tons. 


Several modifications of the French truss are in common use, 
and by the introduction of extra counterbracing, principals of 
this class may be used for spans up to 150 feet. The method of 
calculating the stresses on such structures is similar to what has 
already been given; no fresh difficulties arising in the construc- 
tion of the stress diagrams. 

224. Saw-Tooth Truss.—An example of this form of truss is 
shown in fig. 190, where it will be noticed that the inclination 
of the rafters is different. This form of truss is extensively used 
in weaving sheds and other factories where a steady light is 
required. The shorter and steeper inclination of the roof 1s 
glazed and faces the north, thereby giving a steady light; while 
the longer slope is usually covered with slates or tiles; these 
latter being supported on wrought-iron angle laths which are 
spaced from 8 to 14 inches apart, according to the size of the 
slates or tiles. 

22 
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Exampla 12.—Determine the stresses on the truss shown in 
fig. 190, the span being 20 feet, and the rafters inclined at 60° 
and 30°. The principals are placed 11 feet apart, and the vertical 
load on the roof is 40 lbs. per square foot of the horizontal 
projection. 


Total load on principal = 20 x 11 x 40 Ibs. = 4 tons nearly. 


This load is apportioned in such a manner that 0-5 ton rests 
at a, 1:25 tons at c, 15 tons at d, and 0:75 ton at b. The 





Fig. 190. Fig. 191. 


abutment reactions in trusses of this description may be most 
readily found by the aid of a polar diagram and funicular 
polygon as shown by the dotted lines. 

The vertical reactions at a and 6 are— 


DO (fig. 191) = 1'5 tons, and O F= 1-25 tons. 
These reactions may be checked analytically in the usual way. 


The stresses on the truss as found from the stress diagram are 
as follows :— 


TABLE LXXIV. 


DA ; EB | FC | BC | AO | AB | CO 


$175 141-75 (42:5 |-41-25 |-0-675 |-1-25 |-o-195 
| } 






| 


Members, 


Stress in Tons, 








Rilaid stress on A O may be checked by taking moments. about. c; 
2ng—— 
S.90% 86=1°5 x 5, or 8, 9 = 0°87 ton. 


CURVED ROOF TRUSSES. 339 


The form of truss represented in fig. 192 is commonly employed 
at. railway stations for cover- 
ing island platforms. The 
roof is supported by two lines 
of columns—one at a, and the 
other at a,, upon which the 
truss 18s supported, so that R 
the overhanging portions a be Fig. 192 
and a, b, c, are cantilevers 
which are connected together by the braced girder, «ec 

Example 13.—In the truss shown 
in fig, 192 the distance between the 
columns a and a, is 15 feet, the over- 
hanging portions ab and a, 6, arc also 
each equal to 15 feet. The rafters bc 
and 6,c, are inclined to the horizontal 
at 30°, 

Determine the stresses on the truss 
when two loads of 1 ton each rest at the 
extremitics 6 and b,, and loads of 2 tons 
each rest on d, ¢, ¢,¢,, and d,, 

The vertical reactions at thé points 
of support @ and a, are equal to 6 tons 
each. In fig. 193, on a vertical line set 
of EF=1 ton, FG=G H =: H H, =2 
tons, EO=6 tons, the vertical reaction 
at a. 

The diagram is constructed in the 
manner already explained. 

Table LXXV. gives the stresses on 








Fig, 193. 


the left half; those on the right half being the same. 


TABLE LXXYV. 


pales! HD BC; CD{ AE 60 les DD, 


Stress in Tons,. | - 20-40) ~ 2°55) + 5:0) - 1°35; + 1°73) + 3°45 


p of oe 


225. Curved Roof Trusses.—In calculating the stresses | 
curved trusses, the top member or bow is assumed to be ~~ 
up of a series of straight lines; the portions of the curve 









Members, 











+2°0|-+ 2-89 
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two adjacent apices being considered to be straight. This 
assumption, as has been explained in the case of bowstring 
girders, has little or no effect in altering the stresses on the 
truss. The main ties of such trusses may be arranged in one or 
more straight lines. In the latter case the points of intersection 
of the ties usually lie in the curve of a circle which must be of. 
larger radius than that of the top member. 

Fig. 194 represents a simple form of curved truss of the 
ordinary bowstring pattern ; the main tiée-bar being horizontal. 
If the purlins rest on the apices d, e, ¢, f, g, it Is evident that 
each bay, ad, de, ec, &c., will have a tendency to bend outwards 
from the effects.of the compressive stress. 

It is important, therefore, that the top member of trusses 
loaded in this manner be made sufficiently stiff to resist this 
bending action. 

It is also advisable not to expose curved rafters of this de- 
scription to so great a working stress as straight rafters, especially 
if the radius of the curve be small. 

If the purlins rest at or near the centres of the different bays, 
this tendency to bend is to a certain extent counterbalanced by 
the dead weight acting through the purlin. Under such con- 
ditions, the curved member is in a more favourable condition to 
resist the compressive stress than is the case with straight rafters 
similarly loaded. 

In curved roofs the wind pressure is not of equal intensity 


along one side, as it is in roofs with a straight slope; the slope 
being different at differ- 


ent parts of the curve, 
the intensity of the wind 
pressure per unit of area 
will vary as well as its 


EP aa a k | 2 “direction. To calculate 








ee ee eee ----- Said with exactitude the 
ee | tae a stresses arising from this , 

We denon force is, therefore,a tedious 

Fig. 194. operation, and for all 


practical purposes it will 

be sufficiently accurate to take the mean pressure and direction 
into consideration. 

Example 14.—Find the stresses on the truss shown in fig, 194 

the span being 55 feet and the rise 8 feet 3 inches, the top 

member being the curve of'a circle of 50 feet radius; loads of 2 

tons rest at the apices d and e, 15 tons atc, and 1 ton each at 


fand 9g. 
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The reactions at the abutments are most readily determined 
by the aid of a polar diagram and funicular polygon, as shown 
by the dotted lines in figs. 194 and 195, 





FO and F,O (fig. 195) represent the reactions of left and 
right abutments, and the fig. represents the stress diagram. 
The following are the stresses on the truss :— 


TABLE LXXYVI. 


\ | ; 
Top Members, | FA | GB| HD |H,D,/G, B, IF, Ay 





Stress in Tons, | +8°8 


| 
| 
+7°9) 47°25) +6°7! 46°55! 46°97 | 
Main Tie, .| AO'CO|] EO |C,0/ A410 | 

! | 





Stress in Tons, | -7°7 


-75| +70) -63) -5-9 
Diagonal, .| AB, BC] CD | DE| ED, |D,C,/C,B, |B, A, 


| 
Stress in Tons, +02) -O'1 sas kis +05 | -0°5 | +02] ~0:3 





nee 





By taking moments about the apex c, we get— 
Seo x 8:25 = 4:3 x 27:5 — 2(21:1 4+ 10), or Sg 9=6'8 tons. 


This differs slightly from the stress as found by scale. 
Example 15.— Fig. 196 represents a circular truss 100 feet span, 
the versines of the two flanges being 12 feet 6 inches and 
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ad feet. The points of intersection of the diagonal braces with 
the top and _ bottom 
flanges lie in the ares 
of circles. The lengths 
of the panels of the. top 
flanges are all equal to 
each other. Those in 
the bottom member are 

Fi. 198. also equal to each other 

° except the two end ones 

which are once and a half the length of the intermediates. Each 
bay is supposed to be loaded with 14 tons, so that a weight of 14 
tons rests on each apex of the top member and weights of § ton 
rest directly on the abutments. 








Fig. 197. 


The radii of the top and bottom curves are 72° and 106-20 
feet respectively. 

The vertical reaction at each abutment = 5:25 tous. 

Fig. 197 is the stress diagram. H O= H, O=: 5-25 tons. 

The stresses for one-half the truss are given in Table LAXVIT, 


Taking moments about the apex we get— 


So ox 175 = 5-25 x 50-15 (13-75 + 26-75 + 39-0), 
or Sg o= 18'4 tons, 


which gives a check on the accuracy of the diagram. 

It will be seen that in trusses of this description uniformly 
loaded; the stresses on all the braces are tensile, and are nearly 
equal to each other, with the exception of the two nearest the 
abutments. 
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Example 16.—In the last example determine the stresses on 
the truss if the right half be loaded with an extra ton to the 


In this case the loads on d, e, and f are 1:5 tons as before, the 
load on c = 2:0 tons, and the loads on /,, ¢,, and d, are 2:5 tons. 





Fig. 198. 


The reactions at the abutments may be found graphically by a 
polar diagram and funicular polygon, or else analytically by 
the method of moments. By either method we find abutment 
reactions at a and 6 equal to 6:2 tons and 7’ tons respectively. 

Fig. 198 is the stress diagram, where HIT=I J=J K=1°5 tons, 
K k,=2-0 tons, K,J,=d,1,=1, H,=2°5 tons. 

Also HO = 6:2 tons and H, O =7°'8 tons, the reactions at 
a and 6. 

The stresses are given in Table LX XVIII. 

By taking moments about ¢ we get— 


Seox 7°75 = 6:2 x 50 - 15 (13-75 + 26°75 + 39:0). 
or Sgo= 24'6 tons. 
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CHAPTER XIX. 


ROOFS—-contiued. 


PracticaL DETAILS. 


226. Design of Roofs.—In proceeding to design a roof it is 
necessary that the designer have information on certain specific 
points for his guidance. In the first place the general character 
of the building has to be considered. The kind of roof, for ex- 
ample, which would be suitable for an important public building, 
such as a railway station, would be entirely out of place for a 
mill or warehouse. 

A roof for a railway station should not only be designed from 
an utilitarian point of view, which in all cases should be the 
principal consideration, but also some importance should he 
attached to architectural appearance. This latter consideration 
is frequently attained by having large spans and bold outlines. 
Hence we find that in many ‘important railway stations the 
building is covered by one large span of curved outline. A roof 
of this class has much to recommend it in preference to a number 
of smaller spans; an imposing lofty structure is obtained, and 
there is plenty of ventilation, and in addition there are no 
columns or intermediate walls to obstruct the traffic. The main 
objection to these large spans is that they are more expensive 
than a number of smaller ones of the same aggregate span. 

In buildings of little architectural pretensions, such as ware- 
houses, markets, mills, &c., it will be found more advantageous 
to arrange the roof in a series of small spans varying say from 
20 to 80 feet. To do this it will be necessary to introduce inter- 
mediate walls or columns. These latter, instead of being an 

obstruction, are often useful for supporting the shafting or the 
gantry ¢ girders of cranes. 

Roofs of from 50 to 60 feet span are, practically, the most 
economical, for, though in smaller spans the weight of ironwork 
in the framing is less in proportion to the area covered, yet this 
is more than counterbalanced by the extra number of columns ag 
well as by the extra cost of covering, as there will be more ridges 
gutters, and flashing, which add considerably to the cost. 
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227, Loads on Roofs.—The loads on roofs may be divided 
into two kinds— 


1. The Permanent or Statical Loads ; 
2. The Accidental or Dynamical Loads. 


The Permanent loads may be subdivided into— 


(2) The weight of the Structure itself including that 
of the principals, purlins, intermediate rafters, and 
framing generally ; 

(b) The weight of the covering. 


The Accidental loads comprise— 


(c) The weight of snow ; 
(d) The pressure of the wind. 


We shall consider each of these separately. 

(a) and (6) for any given roof are always constant from one 
end of the year to the other, and they always act in a vertical 
direction. 

The weight of a principal of a certain design for a given span 
depends — 

(1) On the distance apart at which the principals are placed ; 
and 

(2) On the nature of the covering. 

With the same kind of covering, and when the distance apart 
of the principals is constant, the weights, theoretically speaking, 
will vary as the squares of the spans, and in practice the actual 
result is not very different from this. Mr. Barlow tried to arrive 
at the weights of principals of different spans on this basis, and 
he came to the conclusion that with ordinary wrought-iron 
trussed principals placed 30 feet apart, when the covering 
consists of boarding, slating, and glass, the number of tons of 
iron-work in each principal is approximately equal to the square 
of the span multiplied by the distance apart of the principals (80 
feet) and divided by 32,000. 


Let S = span in feet ; 
W = weight of principal in tons ; 
W = (8)? x 30_ 


32,000 
The following table gives the weights of wrought-iron prinei- 


pals when placed 30 feet apart for different spans calculated on 
this basis :-— 
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TABLE LXXIX. 
dp - 
Span in Feet. Mele oe Span in Feet. weleivot el 
80 6°0 | 150 21°] 
9°4 200 376 





13°5 250 58°6 
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The weights as determined by this rule appear to be excessive, 
especially in the case of the smaller spans. 

It is only in roofs of large span that the weight of the framing 
orms the larger proportion of the total load. 

The weight of the covering is usually estimated at 50 many 
pounds per square foot of ground area covered by the roof, or by 
so many pounds per square foot of roof surface. Approximately 
the framing and covering taken together will weigh about 20 lbs. 
per square foot. 

228. Weight of Snow on Roofs.—The weight of snow which 
may accumulate on a roof does not often in this climate exceed 
6 lbs. per square foot of the horizontal area covered by the roof, 
and it will be sufficient if this estimate be taken for the maximum 
weight. Snow which has freshly fallen is only about one-tenth the 
weight of water taken bulk for bulk, so that for a weight of 6 Ibs. 
per square foot there would be nearly 12 inches average depth. 

229. Wind-Pressure on Roofs.—-Wind-pressure, another acci- 
dental load, is an item of great importance. In high pitched 
roofs, in exposed situations, the pressure from the wind may 
produce greater stresses on the framework than all the other 
louds put together. It is difficult to say what is the maximum 
wind-pressure per square foot of surface in this country, but it 
is not likely to exceed 40 lbs. distributed over a surface of 
considerable extent, and it is only on very rare occasions that it 
will reach this intensity. Greater pressures have becn registered 
on small areas, but in dealing with roofs this need not affect the 
result. The full force of the wind will only be exerted on sur- 
faces perpendicular to the direction in which it blows. Generally 
this direction is horizonta] or nearly so; the pressure per square 
toot on the inclined surface of a roof will consequently be much 
less than 40 lbs,; its actual amount varying with the angle of 
inclination, . 
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Let P,,=intensity of wind-pressure on a surface in a direction 
normal to it, 
P,=component of this pressure parallel to the direction 
of the wind, 
P,=component of the pressure perpendicular to the 
direction of the wind. 

The following table, which is deduced from experiments made 
by Hutton, gives the values of P,, P,, and P, in lbs. per square 
foot on surfaces inclined at different angles to the horizontal, 
the wind being supposed to blow in a horizontal direction with 
an intensity of 40 lbs. per square foot on a surface normal to its 


direction :— 
TABLE LXXX, 








Angle of Roof. Pie Pe. Pa, 
| 5° 5-0 4-9 0-4 
10° 97 9°6 17 
| 20° 18") 170 6-2 
| 30° 26-4 22:8 13-2 
| 40° 333 25°5 21-4 
| 50° 38:1 24°5 20:2 
| 60° 40°0 20-0 34:0 
| 70° 41-0 140 38°5 
0° 40°4 70 39°8 
90° 40°0 00 40°0 


The action of wind, as affecting roofs, is greatest when it 
blows in a direction normal to the length of the roof, in which 
case it can only act on one side. It could only act on both sides 
simultaneously when it blew in a vertical direction, which it 
never does, except as a momentary gust. 

When the wind blows in a direction normal to the cross- 
section of the roof, it has little or no effect, provided there be 
gable walls. If there be only gable screens the effect of the 
wind will be to tend to push over one principal on to the next ; 
this tendency is counteracted by the purlins and wind bracing. 
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Mr. Matheson considers that a total allowance of from 3000 to 
4000 lbs. per square,* for both wind and snow, is in Europe 
sufficient. ‘T'his allowance errs rather on the side of excess, for 
it must be remembered that, when a high wind is blowing, any 
snow collected on a roof would be blown off, so that practically 
it is not necessary to consider both acting at the same tame. 

The French engineers in connection with the first Paris 
Exhibition went carefully into this question, and they allowed 
as little as 22 lbs. per square foot for the arched roof measured 
on the surface for wind and snow combined. This estimate, 
however, is too low for roofs of a permanent character. 

It is important to bear in mind that as snow or wind may act 
on one side of the roof only, the strengths of the different members 
of the structure must be such as to meet this contingency. 

Mr. Stoney says, “that for ordinary roofs in the English cli- 
mate it will be sufficiently accurate if we calculate their strength 
on the supposition that they are liable to the following loads : — 

“Ist. A uniform load of 40 lbs. per square foot of ground 
surface, distributed over the whole roof; 

“9nd. A uniform load of 40 Ibs. per square foot of ground 
surface distributed over the weather side of the roof, and 20 Ihs. 
on the other side which is away from the wind. This 40 lbs. 
will generally cover the weight of slates, boarding or laths, 
purlins, framing or principals, snow, and wind for roofs under 
100 feet in span. 

“For roofs exceeding 100 feet in span, we may assume that 
the total load is increased by 1 lb. per additional 10 feet—thus, 
the load for calculation on a 200 feet roof will be— 

“Ist. A uniform load of 50 lbs. per square foot of ground 
distributed over the whole roof ; 

2nd. A uniform load of 50 lbs. per square foot of ground 
plan distributed over one half of the roof, and 30 Ibs. on the 
other. When the strength of roof is calculated by the foregoing 
rules, the working stress in iron tie-rods may be as high as 7 tons 
per sq. in. of net area, unless they are welded, or unless their sec- 
tion is very small, in either of which cases 5 tons will be enough.” 

The above rules are well on the side of safety when applied to 
roofs with light covering under 60 feet span. For roofs of this 
description 35 lbs., or even 30 Ibs., per square foot of area 
covered is frequently adopted. For a substantial design, how- 
ever, 35 lbs. should be the minimum. 

230. Rafters.—For light principals up to 60 feet span, the 
rafters usually consist of a T-bar, this being a suitable section 

* A “square” of roofing consisis of 100 square feet. 
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for transmitting a compressive stress, and also affording a simple 
means of attachment for the bracing bars of the truss and also for 
the purlins. In larger spans the rafter may be made of two angles 
bolted or rivetted together, or two angles,and a plate between 
them, or two channel bars back to back. or some similar arrange- 
ment. As has been scen in Chap. XVIII, the stress at the 
lower portion of the rafter is greatest, and gradually diminishes 
towards the apex ; 1t is not usual, however, to vary its section 
to suit the varying stresses, as the trouble and expense of joints 
and the want of uniformity more than counterbalance any ad- 
vantage which may be derived from economising the material. 
When a joint is made, the abutting ends of the bars should be 
faced square so as to abut over the whole section. 

231. Main Tie-Bars.—The tension members of trusses may’ 
either be round or flat bars; for the types shown in figs. 168 
and 171 they are generally round, though this is not necessary. 
In the types shown in fig. 188, both round and flat are custom- 
ary, the latter of late years becoming more common for econo- 
mical reasons. Round bars have forged eyes for making the 
connections, and usually contain a number of welds. Flat bars 
may also have eyes and welds, but the more general practice is 
to have neither, the holes being punched or drilled cold, and the 
connections made with suitable joint plates. Bars with forged 
or swelled eyes ure more economical in weight than those with- 
out, as there is as much net section at the eve as mn the body of 
the bar. This is not the case when a hole is punched or drilled 
in the body of the bar, as the net section at this point is less 
than that of the bar by the section of the hole itself. Notwith- 
standing this waste, the latter plan for roofs of small span is 
generally found to be the more economical in cost; the extra 
weight being more than counterbalanced by the extra wages 
paid for forged work, especially in round bars. Another objection 
to forged work is, that itis not soreliable on account of the welds. 

The advantages claimed for round tie-bars in roof-trusses are 
mainly on the score of appearance and fewer connections. Per- 
haps an additional advantage which they possess, though 1 is , 
only a slight one, is that they expose a less surface, in proportion 
to their section, to the atmosphere, and consequently the amount 
ef corrosion which takes place is less. 

232. Struts.—Theoretically, cast iron is a suitable material for 
the struts of principals; in practice, however, it is found that 
wrought iron comes cheaper and does not add so much dead 
weight. Wrought iron of T-section is a favourite form of strut 
for trusses ef the form shown in figs. 168, 171, and 173, when 
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the main tie-bars are round. The strut is connected to the 
ratter by two wrought-iron flat bars—one on each side of 
the web—as shown in 

fig. 199; the number 

of bolts or rivets mak- 

ing the connection de- 

pends on the stress ~~ 
coming on the strut. By AS 
The foot is connected 

to the main tie, as 

shown in fig. 200, the or 

web of the T being cut Peixae 
away and the back bent as shown. The vertical tie-rod passes. 
through the strut and main tie, and the whole is fastened together 
by two nuts. This arrangement possesses the advantage that the 
vertical tie may be varied in length as may be found necessary. 

When the tension members of "the truss consist of flat bars, a 
strut composed of two flat bars bolted or rivetted together at 
intervals, with cast-iron studs between to splay them “out toa 
curve and give them stiffness, may be employed with advantage. 
The connection of these both to the rafter and the main tie is 
very simple, and they possess the manifest advantage that no 
smith's work is necessary. 

For long struts exposed to great stress, other forms must be 
used. ‘Two angle-, tee-, or channel-bars placed back to back and 
bolted or rivetted together at intervals make effective struts. 

233. Shoes of Principuls.—The connection between the main 
tie-bar and the foot of the rafter of a truss is called the shoe. 
These form the feet for supporting the truss on its bearings, and. 
formerly were nearly always made of 
cast iron; now, however, they are 
usually made of wrought ivon. Fig. 201 
shows a shoe when the rafter is of tee- 
section; two wrought-iron bent'plates 
are bolted to the web of the T-rafter, 
while the main tie-bar passes BeuNoen 
and is bolted to them. 

The connections at the crown of the 
principal and between two or more of 
the tie-bars are made in a similar manner 
by means of two flat plates. 

When the principals rest on walls, Fig. 201. 
stone pads should be placed underneath 
the shoes, and the latter fastened to them by Lewis bolts, which 


Fig. 200. 
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drop into holes cut in the stone, and are then run in with lead, 
sulphur, or some suitable cement. When the shoes rest on 
columns or girders they are fastened to them by ordinary bolts. 

In large spans one shoe of cach principal should be left free 
to slide on its bearing, in order to allow the principal to contract 
or expand freely from changes of temperature. 

234. Wind-Bracing.—If the roof be not covered in at the gable 
end by walls, wind-bracing should be provided in order to pre- 
vent the principals being blown over in a longitudinal direction. 
This bracing is usually made of round or flat bars of wrought 
iron or steel fixed to the rafters. The attachment is made near 
the shoe of the first principal, and the tie is then carried in a 
diagonal direction, meeting the second principal at a point 
nearer the apex ; and so on to the third and fourth. A double 
system of these ties should run the whole length of the roof. 

If the roof-covering be of corrugated iron, wind-bracings are 
not necessary as the covering itself answers the same purpose. 

A longitudinal wrought-iron tie-bar running the full length of 
the roof and connecting the centres of the main tie-bars with one 
another is frequently introduced. 

This helps to prevent any oscillations of the bracings of the 
trusses, and 1s specially of use in roofs hable to vibrations from 
the working of machinery. 

235. Roof Trusses with Curved Rafters.—Trusses with curved 
rafters may be used in al] spans however small; with spans over 
100 feet they almost become a necessity. The struts required 
for bracing trusses of large span with straight rafters must of 
necessity be long, and consequently require a good deal of 
stiffening, which renders them expensive. In a curved truss, 
the bracings are not exposed to great stresses, and in the majority 
of cases these are tensile. For this reason the intermediate 
bracings of large trusses with curved rafters are much simpler 
and lighter than those in trusses with straight rafters. 

236. Arched Ribs.—Braced atched ribs are used for roofs of 
the largest spans and may be classed under two heads— 


1. Those having solid plate webs ; 
2. Those having open or braced webs. 


The abutments upon which an arched rib rests must be 
of suitable strength and stability in order to resist the outward 
thrust of the arch. Frequently the arch is continued down to 
the ground and securely anchored to suitable foundations. In 
designing an arch of wrought iron or steel, it is not necessary 
for stability that the line of pressures should fall within it (see 
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Chap. XVII.), as from the nature of these materials, they are 
capable of resisting transverse stresses. 

The direction of the line of pressures is fixed with considerable 
exactness when the arch is hinged at the crown and also at the 
bearings, and it is advisable that this be done in very large 
spans. The largest single span ever made, was that for the roof 
constructed over the machinery hall at the Paris Exhibition 
of 1889. The clear span of this roof is 377 feet, and the ribs are 
made of steel, hinged both at their bearings, which are at the 
ground level, and also at the crown. These hinges or pivots, in 
addition to directing the line of pressures, enable the arch to 
accommodate itself to changes of temperature. 

When a roof consists of two or more adjacent spans of the 
arched form, the intermediate bearings may be supported on 
columns without any danger of these being tilted over by an 
outward push, as the thrust of one arch is counterbalanced by 
that of the adjacent one: but in all cases the outside abut- 
ments must be of substantial form when the arch is not carried 
down. to the ground level. The cross-section of wrought-iron or 
steel arched ribs of small span, usually consists of four angle- 
bars rivetted to a web, the latter being either a continuous plate 
ora scries of lattice bars. For larger spans the section may be 
of the box form and much more complex in design. With an 
open braced web consisting of diagonals and radiating struts, 
the diagonals need be designed to transmit a tensile stress only, 
the compressive stress on the web being transmitted by the 
radiating struts. IRf a lattice or warren system be used, all the 
diagonals should be designed to act as struts as well as ties, 
so as to meet the varying stresses produced in the web by wind- 
pressure. 

When the depth of the arch at the crown is considerable in 
proportion to the span, it becomes a braced arch of a peculiar 
shape, and may be designed so as to exert no outward pressure 
on the supports. Arches of this kind are used in the construc- 
tion of the roof of the Crystal Palace at Sydenham. 

237. Distance apart of the Principals.—The distance apart at 
which the main ribs or principals of a roof should be placed 
depends on a variety of considerations, and is a question upon 
which the engineer should use his judgment in each particular 
cease. Asa rule, the larger the span, the further apart should be 
the principals; but there is no rule by which the relationship can 
be fixed. 

In roofs of small span, say from 40 to 100 feet, this distance 
usually varies from 7 to 20 feet; if the distance be further than 

23 
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this, it is usual to introduce one or more intermediate rafters. 
The nature of the covering on a roof has a good deal to do in 
determining the most economical spacing of the principals. In 
a roof which is to be covered with slates or tiles supported on 
iron purlins, or on boarding, it is most economical to fix the 
distance from 6 to 10 feet, or, if further than this, intermediate 
rafters should be introduced. 

When the principals are 20 feet apart and upwards, it is 
usual to connect them together by means of lattice girders, 
which act as purlins. These girders support one or more 
intermediate rafters, which should be fixed at the same level as 
the main rafters. Several purlins are fixed to the backs of the 
rafters at certain distances apart, dependent on the kind of 
covering on the roof. 

238. Working Stresses on Roof Trusses.—Tlhe maximum 
working stress which should be ailowed to come on the main 
rafters and struts of a roof-truss, depends on the manner in 
which they are stiffened; and, generally speaking, for wrought 
iron it varies between 24 ‘and 4 tons per square inch of the gross 
section, the higher sees in no case being exceeded. 

The amount of stress allowed on the tension bracings depends 
upon whether they are welded or not. In flat tie-bars which are 
not welded, the working stress may be as high as 6 tons per square 
inch of net sectional area. With welded round bars the stress 
should never exceed 5 tons, but it is better not to allow more 
than 43 tons or, in bars exceeding 3 inches in diameter, not more 
than 4 tons. Even with these diminished stresses, unless extra 
precautions be taken, a welded bar is not nearly so reliable as 
an unwelded bar exposed to 6 tons. When the material is mild 
steel the above stresses may be increased from 30 to 50 per cent. 

In roof-work generally it is much better to drill than to punch 
the bars. Drilling, however, is much more expensive, and is 
the exception rather than the rule, except when the material is 
steel, when the engineer usually insists on drilled work. 


Roor Coverinas. 


239. Different kinds of Roof Coverings.—The most common 
materials used for roof coverings are Slates, Tiles, Corrugated 
Iron, Copper, Lead, Zinc, Felt, Glass, &c. 

The following table gives the weight per square foot of the 
different coverings and the minimum angle at which they should 


be laid :— 
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TABLE LXXXI.—Wercnts or RooFrincg MATERIALS AND 
MINIMUM SLOPE. 





Weight per Minimum 
sq. ft. in Iba, slope. 


Kixp or Coverixa. 


an joa warbcatbeani jpaserees cytes wpe tree Seika ae ny aon Seeing ancy Sra a 


Slates, ; ‘ ; ; ‘ " : 6°0 to 10°0 | 224° to 30° 
Tiles, : : : : ‘ ‘ 5 6°5 to 17°8 | 224° to 30° 


Sheet-iron, plain, ’y inch thick, ‘ : 3°0 4° 
i corrugated, 20 to 16 B.W.G., . 2°5 to 4:0 4° 
Sheet copper, about °022 inch thick, : 10 4° 
Sheet lead, : . : : ‘ ; 6°0 to 8'0 4° 
Sheet zinc, 18 to 16 zinc gauge, : : 1°5 to 2°0 4° 
Boarding, 2 inch thick, . ; ‘ f 25 224° 
Timber framing for slates or tiles, . - | 50to 65 
d-in. glass, exclusive of sash-bars or framing, 3°5 


240. Slates—The most common covering for roofs in this 
country is slates; in fact, it is no exaggeration to say that slates 
are more used in England than all other coverings put togethier. 
They are very durable, not being attacked by moisture, smoke, 
or the various atmosphcric impurities that are so common in 
large towns. When no boarding is used, the usual plan, in iron 
roofs, is to fix the slates to wrought-iron angle-laths or purlins, 
which are bolted to the rafter backs of the principals. These 
laths are fixed about 104 inches apart, and run longitudinally - 
with the roof. When the principals are from 6 to 8 feet apart, 
the size of the laths should be about 14 inches x 1} inches x } 
inch ; when they are from 8 to 10 feet apart, a stronger section 
should be used, say 2 inches x 2 inches x 4%, inch. 

The slates may rest directly on the laths and be fixed to them 
by copper wire passing through the slate, its ends being twisted 
together underneath the lath; or, as is frequently the case, a 
timber batten is fixed to the lath by means of screws, and the 
slates are fixed to the batten by nails; this arrangement is 
shown in fig. 202. 
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Zinc or copper nails are better than iron ones, the latter being 
Hable to oxidation. 

Instead of using iron laths for supporting the slates, a layer 
of timber boarding, tongued and grooved, 
may be fixed to the rafters; the slates 
are then laid on the boarding and fixed 
by nails. This arrangement, though 
more expensive, has the advantage of 
keeping the building warmer in winter 
and cooler in summer. For principals 
8 feet apart 1}-inch boarding should be 

Fig. 202. used, and it is best to have it run diagon- 
ally with the rafters. 

The minimum angle at which slates should be Jaid ought not 
to be less than 25° with the horizontal ; when flatter the rain is 
liable to be blown through the joints. No matter at what angle 
slates are laid, the wind will penetrate through the crevices, even 
when the joints are covered with mortar, unless boarding is used. 

241. Tiles —Tiles are a very old form of covering for roofs, 
though not used to anything like the same extent as slates in 
this country. They are more common in other countries, and 
on account of their great weight are peculiarly adapted to coun- 
tries where hurricanes occur. The method of fixing them is 
similar to that employed for slates, though a stronger framing is 
necessary on account of their extra weight. 

Pantiles are a light form of tile, and are manufactured in 
France and Holland to a large extent. They are constructed 
specially with the object of laying them on angle or tee-laths 
placed about 12 inches apart, each tile having a small projecting 
lip which catches behind the lath, and the weight of the tiles as 
they overlap keeps each in its place. As an extra precaution 
against wind, it is advisable to tie each tile to the purlin by a 
copper wire which passes through a hole in the tile made specially 
for the purpose. 

The effective width of these pantiles, exclusive of lappage, is 
8 inches, and 105 tiles go to make a square. Each tile when 
dry weighs between 5 and 6 lbs. Ten per cent., however, 
should be added to this weight for the moisture which they 
absorb. 

242. Corrugated Iron.—Corrugated iron sheets, either plain or 
galvanised, form a very common covering for certain classes of 
roofs. The framing in such case must be arranged so as to 
utilise the bearing power of the sheets. The sheets may be laid 
in two ways, either with the flutes running down the slope of 
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the roof, or else running horizontally. In the former case, which 
is the most common, the sheets rest directly on the purlins; 
these latter may be placed from 6 to 12 feet apart according to 
the thickness of the sheets and the depth of the flutes. Bent 
corrugated sheets are so stiff that they are sometimes used. for 
small spans without any supporting framework, it being only 
necessary to tie the eaves together by a wrought-iron horizontal 
bar; a horizontal angle-bar or a gutter being attached to the 
eaves to give stiffness. Roofs of spans up to 40 feet, and even 
more, have been made in this way, but of course they are not 
durable and are only erected for temporary purposes. It is a 
common thing, however, to erect permanent roofs of this kind 
with an extremely light framework. 

When the flutes of the sheeting run horizontally, no purlins 
are required, the sheets resting directly on the rafters, which 
latter may be from 6 to 12 feet apart, according to the strength 
of the sheets. When the sheets are laid in this way a special 
kind of corrugation should be used so as to allow a drop for the 
rain water. 

Corrugated iron sheets, as used for roofs, are generally gal- 
vanised, or covered with a layer of zinc, by dipping them in a 
zinc-bath. This is done with the object of preserving the sheets 
from oxidation by the atmosphere. It is the usual practice to 
galvanise the sheets before corrugating them, but in the case of 
thick sheets it is best to reverse the process and have the gal- 
vanising done last. By this latter method any cracks which 
may be “developed i in the stamping process get filled up with ens 
zinc, and the sheets will be more perfect. 

A good deal of diversity of opinion exists among engineers as 
to the value of this covering for roofs. Many instances have 
been known where the galvanising has little or no effect in 
preserving the sheets. In fact, where flaws do occur in the zine 
coating, sheets have been known to deteriorate more rapidly at 
these parts than if they had not been galvanised at all. Their 
durability depends on the quality of the sheets and also on the 
kind of atmosphere which surrounds them. The quality of the 
sheets depends on the quality and the thickness of the iron from 
which they are made, and also on the care taken in coating them. 
If the sheets be not made of good iron, well rolled, and free from 
imperfections, they will not hold the zine coating properly. Any 
spots on the sheets not properly covered, when exposed to the 

weather, oxidise very rapidly, and the sheets at such points soon 
become destroyed. Again, in the process of stamping, if the 
iron be not ductile, cracks are formed, and though these cracks 
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may be very minute, still on exposure to the atmosphere oxida- 
tion rapidly sets in and the whole sheet becomes worthless. 
The bad repute into which galvanised sheets have of late years 
fallen, is due to a large extent to inferior material and work- 
manship. 

Atmospheric conditions have a great deal to do with the life of 
galvanised sheets. In a pure atmosphere good sheets last a long 
time and prove an economical covering, but in the neighbourhood 
of large manufacturing towns where the air is impregnated with 
sulphurous and other gases, their life is much shorter. In guas- 
works they should never be used. If the shects be cleaned and 
painted from time to time, their life is very much prolonged. 
In the neighbourhood of large towns it is best to use ungalvanised 
sheets, and to clean and paint them periodically ; good paint 
seems to possess more preservative properties against the attacks 
of oxidation than does galvanising. 

The thickness of corrugated sheets is measured by their gaarge, 
and the letters B.W.G. or I.W.G., which mean Birminghain 
wire gauge and Imperial wire gauge respectively, with the 
number attached, give the thickness. 

The following table gives the different gauges with their 
equivalent in inches and the weights per square. 


TABLE LXXXII.—Corrveatev Inon Roor Coventne. 








B.W.G. Equivalent in Inches.| Size of Fintos, | APPTOX. Me ght per 
16 | 065 5 Inches 340 Lbs. 
17 056 5, 310 ,, | 
18 049 5s, 280 ,, 
19 042 a 252 ,, 
035 D 4s 904 ,, 
21 032 oS 4 205 ,, 
22 028 3, 185 ,, 
23 025 SS 167 ,, 
24 “022 3 


8 150 9 
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The square here given represents a square of the sheets as 
laid. Of course there is actually more than 100 square feet of 
sheets in the square of roof covering, the excess, which represents 
the amount of lappage varying from 8 to 
15 per cent. 

The distance P (fig. 203) represents the eee 
width of the flute, and d the depth. The ~~ 
width and depth of the flutes may be 
varied at pleasure. The most usual widths Fig. 203. 
in this country are 3, 4, and 5 inches, and 
the depth is about one-fourth of the width. The deeper the 
flute, the stronger will be the sheet to resist transverse stress, 
and the farther apart may the purlins be placed. 

The following rule has been given for determining the 
transverse strength of sheets :—- 


1=unsupported length of plate in inches. 
¢= thickness of plate in inches. 
b=hreadth of plate in inches. 
d= depth of corrugations in inches. 

W = breaking weight distributed in tons. 


Sa gee. e . a \+/: 


The most usual gauges used in England are Nos. 16 to 22 
B.W.G. Anything thinner than 22 B.W.G. does not possess a 
long life, and should only be used for temporary purposes. 
Large quantities of the thinner sheets, however, are exported. 
No. 16 is only used in exceptional cases where great strength 
and durability are required. No. 18 is used for first-class work 
generally. 

According to Mr. Matheson, to whom I am indebted for a 
great deal of information on this subject, “Sheets of No. 16 
with flutes 10 by 2§ inches may be laid on purlins 15 feet 
apart, while sheets of similar thickness with 5-inch flutes 
require purlins not more than 10 feet apart.” But although the 
sheets may carry these distances it is not usual in practice to 
place the purlins so fur apart; for 5-inch flutes they are generally 
placed from 6 to 8 feet. 

The ordinary sizes of corrugated sheets are from 5 to 8 feet 
long, and from 2 to 3 feet wide; the number of square feet ina 
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single plate not exceeding 20. The sheets when laid, overlap 
each other to the extent of from 5 to 4 inches along their narrow 
edges, and about 2$ inches along the flutes or long edges; the 
flatter the roof, the greater being the lap at the ends. The 
sheets are joined together by means of bolts, which should 
always pass through the ridge of the corrugation, and not 
through the hollow or trough; this is done to prevent water 
percolating through the hole. Washers of felt or some other 
material are placed underneath the nut with the same 
object. 

The holes in the sheets may be easily punched by hand during 
erection. The sheets are first tried in their places so that the 
exact position of the holes can be got; by this means blind holes 
are avoided. The sheets arc usually attached to the framing by 
means of hook bolts, which pass round the purlin, the nut being 
placed on the outside of the sheets. When the sheets rest on 
wood purlins, or on iron purlins with wood scantlings, they 
should be fixed by means of spikes or screws from 2 to 3 inches 
long; all the spikes, bolts, screws, or other fastenings being 
galvanised, 

When sheets are sent abroad, it is customary to have the 
holes along one side and one end of each sheet punched hefore 
leaving the works, the remaining holes being marked off and 
punched during erection. By doing this the amount of labour 
required in the erection is minimised. 

The ridge of a corrugated iron roof may be covered by the 
same material, which is bent over and bolted to the sheets at 
each side of the slope. A half-round gutter made of plain 
wrought iron makes a convenient and cheap gutter for this 
covering, it being supported by wrought-iron semicircular 
brackets made of flat bars bolted at intervals to the sheet- 
ing. 

When corrugated sheets are worn out they possess little or no 
value as old material, being unlike lead, copper, or zinc in this 
respect. 

243, Zinc.—Zinc, as a covering for roofs, is not much used in 
England, though of late years its use has been gradually ex- 
tending. In France and other continental countries it is much 
more extensively employed. 

The gauge by which zinc is measured is different from the 
B.W.G. of corrugated sheeting. The following table gives 
some of the gauges with their equivalents in B.W.G. and the 
weights per square foot :— 
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TABLE LXXXIII.—Zine SuHeets. 





B.W.G. Zine Gauge. NeREE si la 
21 13 1°22 
20 14 1°35 


These weights are for perfectly plain sheeting without corru- 
gations. 

A covering of zinc is very much better adapted to resist the 
attacks of the weather and a vitiated atmosphere than galvanised 
iron, It is lable to oxidation, but the oxide so formed is not 
liable to scale off like the zinc oxide on galvanised iron; on the 
contrary it forms a permanent coating on the surface which 
renders the metal proof against atmospheric action, so that the 
use of paint is wholly unnecessary. 

Zinc sheets are usually made in lengths of 7 or 8 feet and 
about 3 feet wide; when larger, an extra charge is made. 

The expansion and contraction of zinc for changes of tempera- 
ture are much greater than those of iron, and for this reason 
plenty of play should be given to the laps in laying the sheets. 

Gauge No. 13 should only be used for temporary covering and 
to save first cost. Gauges Nos. 14 and 15 should be used for 
good work, 

There are several methods of laying zinc covering on roofs, of 
which the following are the most common :— 


1, Ordinary corrugation, 
2. Plain roll cap, 

3. Drawn roll cap, 

4, Italian corrugation. 


Ordinary corrugation is principally used in curved roofs and 
for side enclosures. In the plain roll cap, or French plan, the 
sheets are laid on boarding with wood rolls. 

The following table gives the approximate weights per square 
for the different methods and for different gauges, including alk 
corrugations and laps :— 
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TABLE LXXXIV.—WeicnutTs Per Square or Zinc Coverina.* 


re pment Ld ure 











No. of Gauge. 18 14 15 


1 nA Re eg emer meets yam FA meen 


1. Ordinary Corrugations, | 160 ]bs. | 185 Tbs, | 200 Ibs. 20 Ibs. 
2. Plain Noll Cap, ; 160 ,, 180 _,, 195, 21 
3. Drawn Roll Cap, : 165, «=| «ISS, 200 ,, 220 


| 4. Italian Corrugations, . 160 _,,, 185 ,, 200 = ,, 290 
| 
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244. Lead Covering. — Lead sheets are laid upon rolls somewhat 
in the same manner us zine sheets, but with close boarding under- 
neath. Lead, as used for roofs, is first cast into small sheets, 
and then rolled out to the size and thickness required. The 
different thicknesses of the sheets are known by their weight per 
square foot; thus we have 4 lbs. lead, 6 lbs. lead, 8 lbs. lead, 
and so on, a square foot weighing 4 \bs., 6 Ibs., and 8 Ibs. respec- 
tively. .A square foot of lead 3 inch in thickness weighs about 

lbs. The strength of lead heats usual for roof coverings is 
6 lbs. and 8 Ibs., and for flashings 5 Ibs. and 6 lbs. Lead covering 
is more expensive than zinc, but it lasts much longer. 

245, Felt Covering. —Felt is x cheap form of roof. -covering, and 
may be easily renewed from time to time, it being laid on board- 
ing. Each roll of felt for rooting purposes contains about 25 
yards, 32 inches wide, and about } inch in thickness. It is made 
from hair, wool, or vegetable fibre by compressing and saturating 
these materials with “asphalt, bitumen, or ordinary tar. Good 
felt is impervious to rain or snow, and will last a considerable 
time under most conditions of climate. For good permanent 
‘roofs it is only used as an inner lining; the outer covering being 
slates, corrugated iron, or zinc. 

246. Glass..—Nearly all roofs of large structures contain glass 
as part of their covering, and in some cases it forms the entire 
covering. The glass usually runs in widths longitudinally with 
the roof, and joins on at its sides to the other covering. 

The old-fashioned, and perhaps the best, method of glazing is 
avith timber sash-bars and putty. The sash-bars, which may be 
made of wood or iron, are usually placed from 12 to 20 inches 
apart, and supported at intervals of from 6 to 8 feet. It is easier 
to make the covering water-tight by using wood sash-bars ; those 
made of iron do not expand and contract equally with the glass, 
and consequently the putty is liable to get cracked, thereby 

* Matheson— Works in Iron, p. 212. 
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allowing the water to percolate through. When made of wrought 
iron, the sash-bars may be ordinary bars of T-section from 1 to 2 
inches deep and from 14 to 2 inches across 
the flange. A very useful form is that shown 
in section in fig. 204; the upper flange 
forms a good protection for the putty. 
Cast iron is sometimes used either in single Fig. 204. 

bars or in the form of a frame. 

Several varietics of glass are used for glazing purposes. When 
a good deal of light is required it should be clear and transparent; 
but for ordinary roofs, such as those that cover warehouses and 
railway stations, a much coarser kind is employed. 

The width of glass sheets for this purpose varies betwecn 
12 and 20 inches, and they are made in lengths up to 6 fect, the 
thickness varying between } and } inch. What is known as 
“patent rolled rough plate” is most suitable for roofs. 

The price of glass varies with the thickness. Panes of ordinary 
size $ inch thick cost about threepence per square foot, and those 
4 inch about fivepence; the fluted varieties being about three 
halfpence per foot more. Glazing costs from a peuny to two- 
pence per square foot, depending on the height from the ground 
and other circumstances. 

247. Ventilation of Buildings. —The usual method of ventilating 
a building through the roof is by means of a lantern or similar 
contrivance. <A lantern may run the whole length of the roof or 
extend only over a portion of it. It is formed by raising the 
covering at the ridge for a certain width ; a space is thus orcated 
at each side of the ridge, which allows the egress and ingress of 
air. In order to prevent rain or snow beirg driven through the 
ventilating openings, louvre blades are fixed to upright standards, 
called louvre standards; these blades, which are usually made of 
wood, are arranged at an angle, one lapping over another, so that, 
while allowing a free passage for air, they prevent rain being 
blown through. With fixed louvre blades it 1s impossible to 
prevent snow being blown in; this difficulty may be got over by 
arranging the blades so that they may revolve on a horizontal 
axis, they can thus be opened or closed at will. The blades are 
sometimes made of iron, zinc, glass, &c., as well as wood. In roofs 
of large span and where a great deal of ventilation is necessary, 
da as in railway stations, it is advisable to have similar ventilat- 

g openings down the sides of the roof as well as at the ridge. 

548. Timber Roofs.—There is not the same objection to timber 
roofs that there is to timber bridges. They are better protected 
from the weather, and are consequently more durable, and for 
small spans they are not likely to be superseded by iron roofs. 
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The following tables* give the size of the scantlings generally 
used for the different spans named; the covering being slates, 
and the timber Baltic pine, or other equally strong :— 


TABLE LXXXV.—Scantiincs or TIMBER FOR DIFFERENT SPANS FROM 
20 tro 30 FEET; THE TRUSSES BEING 10 Freer APART. 


The form of truss is shown in skeleton outline in fig. 168. 




















Span. Tie-Beam. | King Post. ee Strats. | Purlins oe 

Feet. Inches. | Inches. Inches. Inches. Inches. Inches. 
} 

20) 94x 4 4x3 4x4 34x 2 8 x4} 34x2 

24 =| 10h «5 5x 3h 5x3l 4 x2} 8h x5 4 x2 


26 Wbx5 5x4 5x4} | 44x24 83 x5 41x92 
28 11k x6 6x4 Gx3h | 4h x QF 82 x 5} 4x2 


30 pee 6 x 44 6x4 43x 3 9 x5} 43x 2 


| 
22 94x 5 5x3 5x8 38 x 2t 8i x5 3Rx2 





TABLE LXXXVI.—Scanriincs ror Roors rrom 30 to 46 Feet Span, 
Trusses 10 Feet Apart. 


Form of truss as shown in skeleton outline in fig. 175. 
eee een Gs as as oe pao 
| | S 
Span. Be -Beam. Boat ale King Post.) Braces. | Purlins. hoes 





a4 ee me Foen eee a e ed a eee 





ne a | tt eet 








esk> | Thehes: | tachee || Incnes, | Inches. | Inches. | Inches. | Inches 
32 = x44) 44x4 | 5 x4h | 63x44 | 33x2} | 8 x4# |] 34x 
34 | 10 x5 |5 «3515 x5 | 6¥xd | 4 x2h |] 8x5 | 33x29 
36 104 x5 5 x4 15 x53) 7 x5 | 44x2k | 88x5 | 4 x2 
38 0 x6 16 x331}6 x6 | 7x6 | 4hx2h | 84x5 | 4 x2 
40 i x6 |6 x4 16 x6 [8 x6 | 4)x2h | 8Bx5 | 4} x2 
42 1A x6 6 x4h | 63x6 | 8}x6 | 44x23 | 88x54 | 4)x2 
44 a x6 16 x5 | Ghx6 | 8x6 | 4§x3 19 x5 | 43x2 


46 a 1 6 x5b | 7 x § 9 x6 4} x3 9 x5h | 5 x2 
\ | 





' Spon’s Dictionary of Engineering, Division viii, 
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TABLE LXXXVII.—Scantiincs ror Roors rrom 46 To 60 Freer SPAN, 
Trussxs 10 Feet APArt. 

These trusses have a horizontal straining-beam between apex and tie-beam. 


| t 




















Span. | Beam, | Posts, | Poste. | Yatete. | Boum.?| Braces. | Parlins | iiaiee: 
Feet, | Inches. | Inches. | Inches. | Inches. | Inches. | Inches. | Inches. | Inches. 
48 j11§x6 |6 x52) 6x2) | 74x6 | 84x6 | 4)x22/8hx5 | 4 x2 
50 112 x6 {6 x6}; 6x2k | &8kx6 | 84x6 144x221 83%5 | dd x2 
52 112 x 646 x6#! 6x2} | 9x6 | 8¥x6 | 43x23] 8¥x 54] 44 x2 
54 12 x7 17 x6h) 7x 2h | 64x7 | 9 x6 | 52x 29 | Fx 52) 4$2.2 
56 112 x8|7 x6] 7x2h | 7hx7 | 9Fx6 [5 x28) 83x52) 4h 22 
58 (12 x8hl7 x7$| 7x22 | 84x%7 | 9x7 15 x22 19 ~ 5d) 43 x2 
GO (12 x9} 7§x7 | 7x3 | 9 x7 | 10x7 15 x3 {9 «5h | 43x2 
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OHAPTER XX. 
DEFLECTION OF GIRDERS—CAMBER OF GIRDERS. 


249. Causes which Influence the Deflection of Girders.— When a 
girder is loaded it becomes deflected, or cambered in a downward 
direction. If the limit of elasticity of the metal be not exceeded, 
the girder will practically regain its original form when the load 
is removed; when this limit is exceeded the girder becomes 
permanently deflected, or takes what is known as a permanent 
set. 

It is possible to calculate beforehand what will be the deflec- 
tion of a girder with a given load. 

The amount of the deflection depends mainly on the follow- 
ing :— : 

. 1. The length and depth of the girder ; 
2. The stress per unit of area on the flanges. 


The deflection arises from the top flange being compressed or 
shortened, and the bottom flange extended. In scientifically 
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constructed girders the sectional areas of the flanges at different 
sections are in proportion to the stresses at these sections, so 
that the unit stress on each flange is uniform throughout its 
length. The amount of deflection is practically independent of 
any change of form which may tuke place in the web, and is not 
affected by the kind of web; a continuous plate and a lattice 
web giving similar results under similar conditions of loading. 
When a girder is loaded, the unit flange-stress may be deter- 
mined; and knowing this, and also the modulus of elasticity 
of the material, the amount of com- 
pression in the top flange and of 
extension in the hottom flange may be 
calculated. Having determined these 
changes of length, the deflection may 
be found by ineans ofa simple equation, 
which we will now investigate. 
- 250. Rules for finding the amount of 
Fig. 205. Deflection. —Fig. 205 represents a girder 
supported at its extremities and loaded; 
when the unit stress is constant throughout the entire length of 
each flange, the curve of deflection will be the are of a circle. 





Let O represent the centre of the circle, 
ajfbh=l=length of top flange, 
cgd=,=length of bottom flange, 

e f= D =the central deflection, 
Sg=d=depth of the girder, 
Oa=r=radius of curvature of the top flange. 


Since in loaded girders the deflection is small compared with 
the radius, Oe may be taken equal to r; also ae6 is nearly equal 
tol, Making these substitutions, we get (Hue, Book ILL. prop. 
35)— 


2 


Zr x D=j,orD=<- : : (1). 


By similar triangles, we get— 


rd 
rida l or 7 = Loe ‘ « . (2). 


Substituting this value of r in equation (1) we get— 


(1, - 
es aw oe 
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Equation (3) is a convenient formula for calculating the 
deflection when the contraction and expansion of the flanges are 
known. 

This contraction and expansion may be determined thus— 


Let f= stress on the flanges in tons per square inch, 
E= modulus of elasticity of the material in tons. 
1-0 
Then, as the length of the top flange is shortened by -';--, we 


get— 


J _i,-t aft 
Bo oP? ord,—i="), . : . (4). 
Substituting this value of J, —7 in equation (3), we obtain— 
sae 
P= Tae co 


D, 2, and d being expressed in inches. 
If? and d be expressed in feet, we get— 


3/2 
ee Se 2 6), 


Example 1.—A steel girder, 150 feet span and 12 feet deep, is 
loaded with 14 tons per foot, including its own weight. If the 
net sectional area of each flange at the centre be 42 square 
inches, what will be the deflection of the girder! 


D = 


Distributed load on girder = 150 x 1} = 187°5 tons. 


187°5 x 150 
Flange stress at centre = eee y= 293 tons. 


Stress per square inch 293 _ 7 = 1 
on metal in flange ~~ ns nearty. 


42 
We have, then, the following— 
f=i, l= 150, a@= 12, E = 13,000. 
Substituting these values in equation (6), we get— 
3x 7 x (150)? 
~ 12 x 13,000 
If the depth of the above girder be 10 feet, the deflection will 
be 3°63 inchés,  — 


D = 3°03 inches. 
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If the values of / for the top and bottom flanges be different, 
the mean of the two should be taken. 
By transposing the members in equation (6) we get— 


Ge ee BO. 


This equation will enable us to find the flange stresses in a 
girder when its deflection is known. 

Example 2.—In testing the wrought-iron main girders of a 
railway bridge they were found to deflect 1:°9 inches at the 
centre. The girders were of uniform strength, 126 feet span 
and 10 feet 6 inches deep. What were the flange stresses de- 
veloped in the girders / 

From equation (7), we get— 


1-9 x 10°5 x 11,600 
f= ——“3x ee = 4°86 tons, 

This will represent the mean stress per square inch on the 
flanges; if the top and bottom flanges are of unequal sectional 
area, the stress on each will be inversely proportional to its area. 

The usual deflection allowed for in girders under ordinary 
loading varies from ,-'y,th to 3.4,,th part of the span; under 
special circumstances it may reach three or four times this 
amount. 

For the proof loads on bridges Rankine gives the deflection 
from zi,th to 4i,th part of the span; this, however, is rather 
excessive. American engineers allow a deflection of ,.';,th after 
the girder has taken its permanent set. 

251. Deflection of Solid Beams.—The calculation of the deflec- 
tion of solid beams is a more difficult matter than that of flanged 
girders, as it depends on the moment of inertia of their cross- 
section. 

For a girder loaded with a central weight W 


WB 


D = AS EI’ a ° ® (8). 


For a girder loaded with a distributed weight W 


5 W 2 


D = BC EL e . * (9). 
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For a semi-girder loaded at the extremity with a weight W 
Wie 


D= SEL (10). 
For a semi-girder loaded with a distributed weight W 
W 28 
D = SEL . . . (i 1). 


The beam in all these cases is supposed to be of uniform 
section throughout. 

The above formule may be adapted to beams of various sec- 
tions by substituting in each equation the proper value of I. 


Thus, for a rectangular beam of width } and depth d, I= ee, and 


substituting this in the above equations, we get— 
W 78 


D=i ba! 


(12) 


for rectangular beams loaded at the centre. 


SWB 


D=s357557 G8 e 6 e (13) 


for rectangular beams uniformly loaded. 


4 W Js 


D= 5473 : ‘ ‘ (14) 
for cantilevers loaded at the end. 
3 W 78 
= Ea (9) 


for cantilevers uniformly loaded. 


4 
; vr eee 
For a circular surface of radius 7, T=—-. Substituting in 


equations (8), (9), (10), and (11), we get— 
W 78 


lz EK x rt 
5 W 18 
96 Kart 


D= 


for circular beams loaded at the centre, 


D= for circular beams uniformly loaded, 


24 
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g 
D ae for cantilever beams loaded at the end, 
3 Kart 


D 


= -s7——; fer cantilever beams uniformly loaded. 

2E ar : 

Example 3.—A square beam of oak 6 inches x 6 inches rests 
on two supports 20 feet apart. What will be its central deflec- 
tion, with a central load of 1 ton, the modulus of elasticity of 
the oak being 760 tons ? 


We=lton, /=240inches, b=d=6 inches, E=760 tons. 
Substituting these valucs in equation (12), we find— 


= i APY ates 3°9 inches. 

4 x 760 x (0)4 

Example 4.—In a beam of beech similar to the last and 
similarly loaded, the deflection was found to be 4 inclics. What 
is the modulus of elasticity of the beech? 

By transposing equation (12), we get— 


Wis 


B= Tpoae 


By substitution— 
(240) 


E = 4 x4 x (6)! = 666 tons. 
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252. Amount of Camber in Girders.—It is usual to build 
girders so that the flanges have an initial curve in an upward 
direction ; this curve is usually termed the camber of the girder, 
and the amount of camber is measured by the rise of the central 
point of the flange above the straight line joining its extremities. 
The amount of camber that it is usual to put ina girder varies 
with its length, and, roughly speaking, is about 1 inch for every 
40 feet.of length, so that a girder of 120 fect span would have, 
before loading, a rise of about 3 inches at its centre. 

The cambering of a girder does not add to its strength, it being 
chiefly introduced for the sake of appearance; girders whose 
flanges slightly curve in an upward direction looking much better 
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than those which curve downwards. It is not usual to camber 
the full length of the bottom flange ; the portions which rest on 
the abutments being made straight. 

253. Methods of finding the Ordinates of the Curve.-— The 
curves of the top and bottom flanges are circular, and have a 
common centre; and knowing the span and the rise at the 
centre, the radii of these curves may be found as follows :-— 

Let the chord a b (fig. 206) of the circle whose centre is O 
represent the span of the girder, cd=versine or camber at the 
centro— 





Fig. 206a, 


Let /=ad, the half span, 
vcd, the rise at centre, 
y= radius of the circle. 


From the properties of the circle, we get— 
adxdb=cdxde, 
or (7 =v (2r—-v). 
2. vy 
ron (16). 


2a 


If v be small compared with the other dimensions, as is the 
case generally in cambered girders, we get approximately— 





sae OD: 


From this equation we can determine the radius of the curve 
knowing the span and camber. 
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Knowing the radius, we can determine the ordinate of any 
point in the curve when the horizontal distance of the ordinate 
from the centre of the curve is known. 


If dd,=x and ¢,d,=y, 
then y= pi ge-(r-v) .—(18).* 


254, Camber in Plate Girders——In yvirders with continuous 
plate webs, the required camber may be practically produced by 
laying the web-plates on a temporary platform, stringing a line 
from one end to the other, and adjusting the plates so as to get 
their bottom edges at the different joints at the distances from 
the line as found from equation (18). The bottoin edge of the 
plates will then approximately form the arc of a circle and the 
bottom angles, which have been previously punched or drilled, 
are bent to this curve, laid in their proper position on the web, 
and the position of the holes marked on it to correspond with 
those on the angles ; the top angles are laid on in the same way, 


* The truth of this formula may be demonstrated thus (fig. 206a)— 
Let cy d)=y, dd,=2, cd=v, 
r=radius of circle whose centre is o. 
By Euclid, prop. 35, Book II]., we get— 
(,d,.d,f=ad,.d,b; 
also cd; . dy f=e, a; (di gt+gS) 


zy{r-vt Jina soe 2 (1) 
Again by Euclid, prop. 5, Book I1., we get— 


ad,.d,b=(db)?~(dd,)* 
=r? —(d 0)? -(dd,)* 
=r? —(r-v)?-2*, , ‘ ; (2). 
Equating (1) and (2) we get— 


v} rt Bt r-vl op at- (ry? 


7 — a? — (r ~v)* 


Ya ogre VETER on 





Q.E.D 
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after which the web is taken to pieces, and the holes in it 
punched or drilled. When the 
girder is afterwards put together it 
will be found to have the required 
camber. 

255. Camber in Lattice Girders. 
—Fig. 207 represents a lattice 
girder with an exaggerated camber. 
If the lattice bars be equal to each 
other, the lines which connect the 
points of intersection of the lattices 
with the top and bottom flanges 
will, if produced, all meet at the 
same point, O, which is the common 
centre of curvature of the top and 
bottom flanges. The panels into which the top flange is divided 
are longer than the corresponding panels of the bottom flange 
in the proportion of the radii of the two flanges. 





Let 7, = radius of top flange, 
radius of bottom flange ; 
ab vr, 


then ie = —,. 
ay 1 r 


In order to produce the required camber in a lattice girder, it 
is only necessary to determine a6 and a, 6,, and mark them off 
on the top and bottom flanges of the girder, the length of the 
lattices remaining the same throughout the girder. When this 
plan is adopted, it will be found that on putting the girder 
together it will have the camber which is desired. 

Suppose, for example, we have a lattice girder 100 feet span 
and 10 feet deep, and it is required to give it a camber of 3 
inches at the centre. Suppose the girder between the abutments 
to be divided into ten equai spaces, the lengths of the panels in 
the bottom flange being each equal to 10 feet. 

From equation (17) we get— 


(50)? 
2x 0-95 

7, = 5,010 feet ; 
a, 6, = 10 feet ; 





= 5,000 feet ; 


a6 = 10x = 1002 feet. 
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The panels into which the top flange is divided are, thorefore, 
0:02 foot or 0-24 inch longer than those in the bottom. 

Another method of practically producing a camber in a lattice 
girder, is by keeping the top and bottom panels the same length, 
and making the lattice struts a little longer than they would be 
for a straight girder, and the lattice ties a little shorter. 


Let f = working stress per unit of section to which the lattice 
bars will be exposed, 


E = the modulus of elasticity of the material. 


Then, in order that the girder may become straight when the 
material is exposed to the stress 7, the strute should be made 
longer than those for a straight girder in the proportion of 


(1 + a) to 1, and the ties should be shorter in the proportion of 


(1 - i to l. 


Tf, tor example, a steel girder is designed so that its members 
are exposed to a working stress of 6 tons per square inch, and if 
the modulus of elasticity of the steel be 14,000 tons, and if the 
length of the lattice bars for a straight girder unloaded be 10 feet, 

6x 10 


: r maw ee OT ‘BE ° Wy 1 > 
then the struts ought to be 10+ 700 10 feet 0-05 ineh in 
6 x 10 


length, and the length of the ties should be 10- eT 


11-95 inches, so that when the girder is fully loaded it may be 
quite straight. 


= 9 feet 


CHAPTER XXI. 
CONNECTIONS. 


I. RIVETTED JOINTS. 


256. Different Methods of Joining Plates by Rivets.—There are 
two principal methods of joining two plates or bars together by 
means of rivets or bolts. One is to make the plates overlap 
each other and rivet them in this position; the second method 
is to place the two ends flush together and connect them by 
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means of one or two strips overlapping each, and then rivet the 
whole together in this position. 

Joints of the first description (see fig. 208) are termed lap- 
joints, and those of the second class (figs. 209 and 210) are termed 
butt-joints. 


oe, 


- Fig. 208, Fig. 209. 


257. Rivets in Single- and Double-Shear.—In the joints shown 
in figs. 208 and 209, the rivets are in what is termed “ single- 
shear,” as cach rivet can only be shorn at one section before the 
bars are pulled asunder. In the 
joint shown in fig. 210, the rivets SS 
are in ‘ double-shear,” as each rivet 
will have to be shorn across two 
sections before the bars can be : 
pulled asunder. In addition to this Ed Or OVO 3 Ld 
shearing resistance the rivets con- Fig. 210. 
fer upon the joint a further clement 
of strength in the frictional resistance which they give to the 
plates. In the process of forming the rivet head by the machine 
or by hand, a certain amount of grip is given to the rivet on the 
plates; a further grip is obtained by the contraction of the rivet 
in cooling, this contraction pressing the plates powerfully to- 
gethor and causing a considerable tension on the rivet, so much 
so that in the case of long rivets the heads sometimes fly off. 
It is difficult to determine what value can be attached to the 
frictional resistance produced by this means, though cases have 
been known where the joint has been held together by this 
friction alone. In estimating the strength of a joint it is not 
usual to take this resistance into account, as in process of time, 
owing to the rusting of the plates and vibrations in the strue- 
ture, the tension on the rivet may altogether disappear. When 
this frictional resistance is disregarded, the theoretic shearing 
stress on each rivet in a joint will be equal to the total stress 
on the bars divided by the number of sections of rivets that 
must be shorn in order to pull the bars asunder. 

If P =-total stress on the bars; then— 
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Stress on each rivet in figs. 208 and 209 = 


wm’ Ko bo! Ir 


” ” fig. 210 as 


Practically, the shearing stress on each rivet may not be quite 
the same, one being subjected to a greater stress than another. 
However, if the holes are truly punched or drilled this difference 
of stress cannot be much. 

258. Shearing Strength of Rivets.—The resistance of wrought 
iron to a shearing stress 1s not so great as the ultimate strength 
of the material under a direct tensile stress; and, further, this 
resistance varies according to the direction in which the shearing 
action takes place. From Wéohler’s experiments, it appears that 
the shearing strength of a bar or plate of wrought iron ina plane 
perpendicular to the fibre is equal to ‘ths of its ultimate tensile 
strength in the direction of the fibres. The shearing strength, 
in a plane parallel to the direction of the fibres, is from 18 to 20 
per cent. greater than the above, and is about equal to the ten- 
acity of the iron. So far as the shearing strength of rivets is 
concerned, it will only be necessary to consider their str ength in 
a direction at right angles to the fibre, so that if the tenacity of 
rivet iron he 23 tons to the inch, its shearing strength will only 
be 18-4 tons or thereabouts. It has also been shown by nuner- 
ous experiments, that the shearing strength of a rivet in a 
punched hole is slightly greater than that in a drilled hole, the 
reason assigned being that the sharp edge of a drilled hole 
facilitates the shear’ ing process. 

If we adopt 4 as a factor of safety, about 4° tons per square 
inch will be the safe working stress for iron rivets in iron 
plates. As rivet iron is of a better quality and stronger than 
the plates, some engineers adopt the rule of making the total 
rivet area in a tensile joint equal to the net sectional area of the 
plate. It is, however, a much better practice to have the rivet 
area 10 per cent. greater than this. 

Theoretically, a rivet in double-shear ought to be twice as 
strong as a similar one in single-shear; the balance of evidence, 
however, from numerous experiments, shows that rivets in single 
shear are rather more than one-half as strong as those in double 
shear. 

Iron rivets in steel plates are not so strong as those in iron 
plates; their strength being about 16 tons to the inch. It is not 
safe, therefore, to allow a working stress of more than 4 tons to 
the inch on iron rivets used in steel structures. 


STRENGTU OF LAP-JOINTS. 377 


Steel rivets, which have a tensile strength of 30 tons, have 
a shearing strength of about 20 tons. The safe working stress 
to allow for these rivets should not exceed 5 tons to the inch. 

259. Strength of Lap-Joints.—A lap-joint, as shown in fig. 21], 
st fail in at least four different ways, when exposed to a direct 
pull :— 

(1) The'rivet may be shorn, in which case the strength of the 
joint is measured by the shearing strength of the rivet. 


Let d=diameter of the rivet in inches, 


J,=its shearing strength per square inch of section. 


Then if the rivet be the weak portion of the joint, the force 
necessary to tear the joint 
asunder will be— 


P= -7854 fd? . (1). 


(2) The joint may fail 
by the rivet crushing one 
or both of the plates by 
forcing itself into them. 


Let t=thickness of the 
plate, = 
J, = crushing strength Fig. 211, 
of material in this position. 
The force necessary to cause failure in this way is— 


‘ 
8 
4 
‘ 
' 
iY 
‘ 
a 
' 
' 
if 
J 





Paidff. . . (2), 


From experiments made, the value of 7, in this formula is 
very much greater than the ordinary crushing strength of the 
material ; for wrought iron of ordinary quality 7;=40 tons, or 
about double the crushing strength of the material. This dis- 
crepancy is explained by the fact that in the rivetted plate the 
metal crushed is not an isolated piece, but is supported by the 
surrounding portion of the plate, and also by the head of the 
rivet. 

(3) The joint may fail by-the splitting of the end of the plate 
along the line EF. According to Mr. Browne,* the strength of 
the joint in this case will vary directly as the square of E F and 
the thickness of the plate, and inversely as the diameter of the 
rivet. 

* Min, Inst. M.#., 1872. 
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2 
Let E F=a, then the strength of the joint along EF =o x Q, 


where Q is a constant. 
From experiments made by Mr. Fairbairn he found for wrought 
iron that Q=38 tons. 
38 t a* 


.. Strength of plate at end = a . (3). 


4. The joint may fail by one or both of the plates tearing 
across the’ line AC D B. 


Let AC=BD=8, 


J, = tensile strength of plate, 
then strength of joint across AC DB=26tf,_. ‘ (4). 


A fifth way in which the joint may fail is mentioned by Mr. 
Browne. This occurs by the rivet forcing a picce out of the end 
of the plate, in which case the resistance against failure 


=(OM4+DN)xtxf. (8), 


where f,= ultimate shearing strength of the material. 

Failure by this method very rarely happens. 

Example 1.—Two flat bars of wrought iron each 3 inches wide 
by 4 inch thick are lap-jointed by a single rivet 1 inch in diameter. 
If the centre of the rivet be 14 inches trom the end of cach bar, 
determine the tensile force necessary to break the joint in each 
of the five different ways above enumerated. 


t=3, d=1, f,=19 tons, 7,=40 tons, /,= 18 tons. 
P=required tensile force in tons. 
1. From equation (1)— 
P = '7854 x 19 x (1)? = 15 tons, 
which is the force necessary to shear the rivet. 
2. From equation (2)-— 
P=3x1x 40=20 tons, 
which is the force necessary to cripple the bars. 
3. From equation (3)— 
: p= iC .38=19 tons, 


which is the force necessary to split the end of the bar. 
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4, From equation (4)— 
P=2x1x4x18=18 tons, 


which is the force necessary to tear the bar across the eye. 

The tensile strength of the iron is supposed to be equal to 
22 tons, but in this case 18 tons is sufficient to allow, as the 
fibres at one side of the hole may be strained to a greater extent 
than those at the other, whereby there is a tendency for the bar 
to be broken in detail. 

&. From equation (5)— 


P= } (1) +14) x 19=28°5 tons, 


which is the force necessary to push out the iron at the end of 
the bar in the manner explained. 

From the above it will be seen that the joint is fairly well 
proportioned, the rivet itself being, however, the weak part. Lt 
will also be seen that failure by the fifth method is not likely to 
occur. Indeed, in joints of this class this method of failure need 
not be taken into consideration. 

260. Proportions of Joints.—In order to determine the relative 
proportions of the various parts of a lap-joint connecicd by a 
single rivet, it will be necessary to compare the equations (1) 
to (0). 

To arrive at the relative proportions of the diameter of the 
rivet and the thickness of the plate compare equations (1) 
and (2). 

Whicn the joint fails simultaneously from the shearing of the 
rivet and the crushing of the plate, we get— 


‘1854 f,d2=tdf, 


Putting A=19 and f,= 40, we get— 


which shows that with wrought-iron plates, connected by 
wrought-iron rivets, the dismeter of the rivet should be between 
two and three times the thickness of the plates. The ordinary 
rule in boiler work is to make the diameter of the rivet twice 
the thickness of the plates. 

M. Antoine gives the following empirical formula for the 
diameter of rivets as used in shipbuilding :— 


d=l1/t 
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In order to determine the distance of the rivet from the end 
plate (a), or in other words to find the requisite amount of lap, 
we must equate (1) and (3), or— 


ta* 
d e 





“7804 f, d2 =J38. 


By putting me we get— 
15 d?=19 a’, ora=09d; 


that is, the distance of the edge of the rivet from the end of the 
plate should be rather less than the diameter of the rivet. 

The ordinary rule in practice is to make this distance equal 
to the diameter of the rivet; the lap of the joint will then be 
three times the diameter of the rivet—that is, when the latter is 
double the thickness of the plate. 

In order to determine the distance of the edge of the plate 
from the rivet, or when more than one rivet is used to deter- 
mine the pitch of the rivets, we must compare equations (1) and 
(4). Equating these we get— 


T8b4 fi d2=2btf.. 
Putting f,=19 and f,=18 we get— 


d? 


b=O0-42 x - ; 
If d=2t we get— 
b= ‘84d, or b=d nearly. 


For a lap-joint, therefore, with a single rivet, the width on 
each side of the rivet should be equal to the diameter of the 
rivet, and also when more than one rivet occurs transverscly, 
the distance between their edges should be twice the diameter, 
or their pitch—+z.e., their distance apart from centre to centre— 
should be equal to three times the diameter of the rivet. 

261. Double-Rivetted Lap-Joints.—In boiler work the following 
proportions for double-rivetted lap-joints with punched holes 
are common :— 


Diameter of rivet = twice the thickness of the plate, 
Pitch of rivets = 4} diameters, 
5} diameters in chain rivetting, 


Lap = 16 5 zig-zag 
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The following are the proportions between the strength of the 
plate and single- and double-rivetted lap-joints :— 


Strength of unpunched plate = 100, 
, double-rivetted joint = 66 to 70. 
‘ single- 5s » = 50 to 55. 


Lap-joints are principally employed in boiler-making and ship- 
building; they are cheaper than butt-joints as only half the 
amount of punching or drilling is required, and they possess 
many advantages which will always render them desirable for 
this class of work. 

In bridges, and structural work generally, lap-joints are not 
much used, and are not desirable; butt-joints with single or 
double cover-plates being almost invariably employed. When 
two plates are joined together by a lap-joint and exposed to a 
tensile stress, the direction of the stress in one plate is not 
exactly in a line with that in the other, but forms with ita 
couple which has a tendency to bend the joint. This tendency 
to bend does not exist, or only to a very small extent, when butt- 
joints are used. 

When it becomes necessary to use a lap-joint to connect two 
plates in a structure, a very good form is that shown in fig. 212. 
In this arrangement each plate is practically weakened only to 
the extent of one hole. The full stress on each plate comes at 
the sections a b and cd respectively, 
and here the plates are only weak- 
ened to the extent of one hok. 
At the sections a, 6, and e, d,, 
where there are two holes, the 
stress on the plates is less than the 
total stress by the amount taken 
up by the end rivet in each case. 
At the section ef, where there are 
three holes, the stress on each 
plate is less than the total stress 
by the amount taken up by the three end rivets. In order to 
illustrate this, suppose each of the plates to be 8 inches wide and 
4 inch thick, and to be joined together by nine #-inch rivets, and 
suppose the tensile strength of the plates and the shearing 
strength of the rivets, each equal to 20 tons per square inch. 

The net section of each plate ataé orcd =7':25 x ‘5 = 3:625 
square inches. The plates will be on the point of yielding when 
the total pull = 3°625 x 20 = 72°5 tons. When this force is 
applied, the stress at the sections a, 6, and c,d, of the back and 
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front plates respectively =72-°5 —:44 x 20 = 63-7 tons, the amount 
8-8 tons being taken up by each of the end rivets. The unit 
63:7 
~ 3-35 
less than the unit stress on the plates. 
Again the net section of each plate through e f= 5-75 x °d 
= 2-875 square inches, and the stress on each plute at this 


stress at a, b, or c, d, = 19-6 tons per square inch, or rather 


ii ite 46° 
section = 72:5 — 3 x -44 x 20 = 46:l tons. This gives ae 


or 16 tons per square inch as the unit stress at this section. 

The strength of the rivets = 9 x -44 x 20 = 80 tons. 

Theoretically this joint ought to fail either through a or cd, 
where the plates are weakened to the extent of one hole. There 
is no necessity for continuing the plates their full width to their 
extreme ends, and they may with advantage be tapered off as 
shown in the figure. 

262. Butt-Joints with Single Covers.—In butt-joints the two 
plates or bars to be joined together are made to abut against 
vach other at their ends, and are connected together either by a 
single or double cover-plate. Fig. 209 represents a butt joint 
with a single cover-plate; each half of this joint is in effect simply 
a lap-joint, and all the rivets are in single shear. The thickness 
of the cover should be at least equal to that of the plates; some 
engineers prefer it a little thicker. For wrought-iron plates and 
rivets, the collective sectional area of the rivets at each side of 
the joint should be not less than 10 per cent. in excess of the 
net sectional area of the plate for a tensile stress. 

The rules given for a tensile joint also apply to a compressive 
joint, when the ends of the plates do not butt evenly tovether. 
When the ends of the plates are faced or squared so as to form a 
sound butt, theoretically, the joint does not require a cover at 
all, but as the butting cannot always be relied upon, it is best to 
have a cover, though it need not always be so thick or so long 
as that for the tension joint. 

263. Butt-Joints with Double Covers.—Fig. 210 shows a butt- 
joint with double covers. Here the rivets are in double shear, 
so that before they fail each one must be shorn across two 
sections. The number of rivets at each side of the joint in this 
case need only be one-half that required when only a single 
cover is used. The united section of both covers should be at 
least equal to the section of the plate; it is always better, how- 
ever, to have it in excess, say to the extent of from 10 to 20 per 
cent. In cavering the jointsin the flanges of girders it is more 
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economical to use double covers when practicable; as the length 
of each cover-plate is only one-half that of a single cover, and as 
they do not need to be much more than half the thickness, the 
saving in weight as well as in rivetting is obvious. 

An economical method of joining two plates together by 
means of a butt-joint with double 
covers is that shown in fig. 213. 
If this joint be properly designed 
the strength of the plate will only 
be diminished to the extent of one 
rivet hole. When a joint of this 
kind is exposed to a tensile stress 
it may fail in one of the following Fig. 213. 
ways :— 

(1) By the plate tearing through at a a, where its area is 
reduced by one rivet hole ; (2) by. the plate tearing through at 
bb at the same time that the rivet « is double shor n; (3) by the 
plate tearing through at ce at the same time that the three 
rivets at aa and 66 are double shorn; (4) hy both covers 
tearing through ate c; (5) by the six rivets at one side of the 
joint being double shorn ; : (6) by the rivets crushing the plates 
or covers. 

Example 2.—In the joint shown in fig. 213 determine the 
direct tensile stress which will cause the failure of the joint in 
the six different ways specified ; the plates being 9 inches wide 
and 4 inch thick; each of the covers being 9” x, and the 
rivets being } inch in diameter. The tensile strength of the 
plates is supposed to be 20 tons, and the shearing strength of 
the rivets 18 tons per square inch. 


O--8--9- 
oo°o 
ole) 

O 





The net section of the plate at a a=(9 —°75) x 5 = 4-125 sq. ins. 
” ” ” bb= (9-2 x 79) x D=375 yy 
: é i co=(9—3 x °75) x = 3-375 ,, 
», twocovers atcc=(9-3x 75) 3=422 ,, 
The shearing area of rivets at =2x%6x 44 =528 _ 
each side of joint 


Let P = tensile force in tons necessary to produce rupture. | 
Qdy) oo. . P = 4-125 x 20 = 82:5 tons, 
which is the force necessary to tear the plate through aa 


(2) » P=3-75 x 2042 x 0-44 x 18= 90-84 tons, 


4 
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which is the force necessary to tear the plate through bb and 
shear the rivet at a a. 

(3) . P=3:375 x 2046 x 0-44 x 18=115 tons, 


which is the force necessary to tear the plate through cc and 
shear the three rivets at aa and b 6. 


(4) : . P= 4:22 x 20= 84-4 tons, 
which is the force necessary to tear both cover plates through ce, 
(BS). 2. 2 . P=5:28 x 18=95 tons, 


which is the force necessary to shear the six rivets at either side 
of the joint. 


(6) The force necessary to crush the plate is— 
P=6x 2x 4x 40=90 tons ; 
and to crush the covers— 
P=6x#x 3x 40=1125 tons. 


From this it will be seen that the joint is very fairly pro- 
portioned. Its weakest part being through aa, and here its 
strength is equa] to 91:6 per cent. of that of the unpunched plate. 

It would not do to have the cover-plates less than ,% inch in 
thickness, as failure would then take place by their tearing across 
through cc; as it is they are slightly stronger than the plate. 
Tt is well that this should be so, as it is possible one of the 
plates may be strained to a greater extent than the other, in 
which case they might be broken in detail. The rivets them- 
selves give a good margin 
of strength, and there is 
not much danger of the 
plate tearing through 66 
or cc, as the loss in strength 
from the extra hole in 
2 each case 18 more than 
oP ee compensated by the shear- 

a ing strength of the rivets 

at aa and bd. 

Fig. 214 represents the two plates given in the last example 
joined -by means of a single cover-plate 4}. inch in thickness; 
there are nine {inch rivets at each side of the joint, arranged in 
the manner shown in the sketch. , 
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The net section of the plate at aa=(9—-%)x4=4:0625 sq. ins. 


$5 7 bb=(9-2x G)xd=3°625 _,, 

i a » ccordd=(9—3x{)x4=3'1875 ,, 
The net section of the cover 

through d d \ =(9-3x§)xjge=F38 


The shearing section of rivets 


at each side of joint \ = 9x 0-6 =95°4 square inches. 


The force necessary to tear the plate at aa is— 
P = 4:0625 x 20 = 81-25 tons. 


The force necessary to tear the plate at 6b and at the same 
time shear the rivet at aa, is— 


P = 3°625 x 20 + 0°6 x 18 = 83°3 tons. 
The force necessary to cause the failure of the plate at cc is— 
P =3'1875 x 2043 x 0°6 x 18= 96:15 tons. 
To produce the failure of the plate at d d— 
P = 31875 x 204.6 x 0-6 x 18 = 128-55 tons. 


To produce the faiiure of the cover-plate at dd, its weakest 
section— 


P=4:38 x 20 =87°6 tons. 
To produce the failure of the rivets by shearing— 
P=5:4 x 18= 97:2 tons. 


To cause failure by the crippling of the iron behind the rivets 
in the plate— 


P=9xZx 4x 40=157'5 tons. 


It will be seen from this that the joint is very well designed, 
and is nearly, though not quite, as strong as that with double 
covers. | 

264. Joints in the Flanges of Girders.—It is not possible to 
introduce the economical forms of joint shown in figs. 213 and 
214 in covering the joints in the flange-plates of girders ; prac- 
tical considerations not allowing of the form of rivetting shown. 

Suppose we have a wrought-iron girder with a single flange- 
plate 12 inches wide and 3 inch thick, the thickness of the web 
being 4 inch, and the connecting angles being 24” x 24” x }’, it is 

9 


uh 
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required to determine the best method of covering a tensile 
joint in the plate with a single cover. 


The longitudinal pitch of the rivets = 4 inches, 
Diameter of rivet = 2 inch. 


First let us assume that there are only two longitudinal rows 
of rivets in the flange. 
Net section of plate =(12 — 2 x 0-75) x § = 5:25 sq. ins. 
The area of a #-inch rivet = 0°44. 
The number of rivets required whose gross sectional area is 


O25 oe 
equal to the net area of the plate = ort 12. As it is advisable 


to have an excess of rivet area it would be safer to have 14 rivets 
at each side of the joint. It must he borne in mind, however, 
that the diameter of a Lahey rivet is rather more than 3 inch; in 
fact’ it nay be reckoned as ¥£ inch. Taking this into considera- 
tion, the sectional area of the 12 rivets will be 5-76 square inches, 
as against 5:25 square inches, the net section of the plate, or an 
excess of 10 per cent. If 12 rivets be ano the Jength of the 
cover plate will be 4 feet. 

Fig. 215 shows another method of covering this joint. In 
this case there are four rows of rivets arranged in a zig-zag 
fashion, the number of 
rivets at each side of the 
joint being 14, and the 
length of the cover 2 feet 
S inches. The strength of 
the plate or cover is rather 





Fig. 215 less in this case than in 

in the former, its smallest 

oer a er ie section not being directly 
“o Qo. transverse through two 
bo rivet holes, but zig-zag, 


as shown by the dotted 
line a d. 

Fig. 216 shows a third 
method of covering this joint. Here, in addition to the bottom 
cover-plate, there are two cover-strips placed on the other side 
of the plate. These have the effect of placing the outside rows 
of rivets in double shear. : 

Bottom alia seahea 12” x 2” = 4°5 sq. inches, 
Top cover-strips = 2 x 3}” x i = D4 is 


Total section of cover-plates 6-9 “ 


i 
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There are 6 rivets in single shear and 4 in double shear. 
Total rivet section = 14 x -44=6-16 sq. inches. 


265. Joints in a Girder Flange consisting of a Number of Plates. 
—When the flange of a girder consists of a number of plates of 
the same width and thickness, the most economical method of 
arranging the joints is to place them close together in steps, as 
shown in clevation in fig. 217. The distance apart of the joints 
should be such that the shearing 
area of the rivets between each be 
not Jess than the net section of 
each plate. Fig. 217. 

If ¢ = distance apart of joints, 
ave: in the case of three plates, the length of the cover-plate 
= 4 |, ; 

If the joints be placed far apart, each one must be covered 
with a separate plate, and in such case the length of each cover 
=2/, so that for the three joints the total length of cover-plates 
= § 0, : 

Another advantage of placing the joints close together in 
large girders is the facility with which they may be disjointed, 
if it be necessary to transport them to their destination in several 
lengths ; and the ease with which they can be afterwards jointed 
and rivetted together in situ. 





IJ. Proportions or Eyes. 
266. Method of Connecting Bars Together—Bars of wrought 


iron or steel, when not joined by rivets, are usually connected 
together by bolts, pins, or cotters; and in order to do this the 
ends of the bars are frequently swelled out in the form of an eye. 
As the strength of the connection should at least be as great as 
that of the bar itself, it is important to know what are the best 
proportions to give to the eye and to the connecting pin; the 
latter usually being in double shear. 

Kxamples of bars joined together in this manner are very 
numerous, such as the links in the chains of suspension bridges ; 
the diagonal braces of trussed 
girders; the tension members of 
roof trusses, &ec. 

Fig. 218 represents the eye 
formed at the end of a flat bar, 
the thickness of the eye and 
that of the bar being the same. 
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Let b= width of bar, 
d= diameter of the pin, 
c= width of eye at each side of pin-hole. 


If a stress be applied in the direction of the arrow, the lines 
of stress in the shank will run longitudinally, but towards the 
pin-hole they become diverted, so that the fibres immediately to 
the Jeft of the pin are exposed to little or no stress. The fibres 
to the right of the pin-hole undergo various kinds of complex 
stresses, principally of a compressive and shearing nature. 

267. Proportions of Kyes.—The best proportions to give to the 
eye cannot be determined by considerations of a merely theo- 
retical nature, and we must look to the results of actual experi- 
ments for aid to guide us in fixing them. Fortunately, we have 
plenty of materials of this kind to guide us; the experiments 
made by Sir ©. Fox, Brunel, Berkley, Shaler Smith, anil others 
being very complete. : 

A flat eye, when exposed to stress, may fail in many ways; 
the following being the principal :— 


1. By tearing across the eye through ¢, c ; 

2. By tearing through the shoulders at r, 7; 

3. By the end of the link being torn through at a; 

4. By the metal of the link being upset or crushed immedi- 
ately behind the pin at e; 

5. By the pin being bent or shorn. 


These different modes of failure may be considered in detail: — 

(1) On theoretical grounds, if the section of the eye across 
the pin-hole be equal to that of the bar, or ifc+e=6, the eye in 
this direction ought to be as strong as the bar itself. Experi- 
ments made prove this to be incorrect, and in practice it is 
advisable to make this section at least 25 per cent. greater. 
From this it would appear’ that the stress on the fibres, at the 
sides of the link, are not uniform; probably the outside fibres 
are strained more ‘than those near the pin, which would cause 
them to fail first. This difference of stress in the fibres will be 
greater the sharper the curve at the shoulders. 

(2) The failure from the second cause is likely to occur when 
the curvature at the shoulder is so small as to prevent the lines 
of stress bending gradually round the eye. Mr. Berkley recom- 
mends that the radius of curvature of the shoulder r should not 
be less than 6, and that the radius of curvature 7, of the neck 
should not be less than 1:5 6, 

(3) The metal at the buck of the pin may be exposed both to 
bending and shearing stresses; it, in fact, resembles a short 
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beam whose points of support are atc,c. It may fail by being 
shorn through, or by the tearing of the fibres on the outside. 
In order to resist the shearing action, theoretically, the section 
at ashould be rather more than one-half that of the bar. In 
practice, however, the end of the link does not fail by shearing, 
but by the tearing of the fibres at the outer circumference. 
Mr. Brunel considers that the section through a should be 
about two-thirds that of the bar. This, however, is not sufficient 
in all cases. Mr. Berkley recommends that the section at a 
should be at least equal to that of the bar, and this is the safest 
rule to adopt. 

(4) Failure by this means takes place when the diameter of 
the pin is so small that the bearing surface immediately behind 
it is too little to transmit the stress without crushing the fibres, 
and thus elongating the hole. Failure by this method rarely 
takes place directly, but the elongation of the hole causes the 
attenuation of the metal at the sides of the pin and brings abaut 
failure by the first method. Mr. Berkley recommends a diameter 
for the pin equal to three-fourths the width of the bar, and in 
practice this will be found safe. 

(5) The pin may fail by shearing or bending when its diameter 
is too small, Even when the diameter is sufficiently large to 
resist shearing, the pin may fail by bending ; this, however, may 
be provided against by keeping the links close together. The 
minimum diameter of the pin depends on the material used ; if 
both link and pin be of wrought iron and the latter be in double 
shear, its sectional area, as determined from experiments, should 
be at least equal to two-thirds the area of the bar. If they are 
both made of mild steel the area of the pin should be greater. 

It will be found, however, that in links of the usual propor- 
tions the diameter of the pin will be fixed by the rule given in 
No. 4; its diameter, as fixed by this rule, will generally be found 
quite suflicient to resist the shearing stress. 

Mr. Berkley recommends the following minimum proportions 
for wrought-iron flat eye-bars :— 


Width of bar, 8, : ‘ . : . =100, 


Diameter of pin, d, . . =75, 
Depth of lead beyond pins, a, . : . =100, 
Width of metal across eye,c+c,  . : . =125, 
Radius of curve of shoulder, r, ; : . =100, 
Radius of curve of neck, r,,_ . . . . 150. - 


268. Rules of American Engineers.-The practice of American 
engineers is somewhat different to that adopted by the English 
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authorities already mentioned. Mr. Shaler Smith, an American 
authority, finds from his experiments that the best proportions 
for eye-bars depend to a certain extent on their method of 
manufacture. 

The following table gives some of the results of Mr. Smith’s 
experiments :— 


TABLE LXXXVIII.—Prorortions or AmERICcAN Eve-Bars,, As 
DETERMINED BY Mr. SHatex Smrru. 





Hamurnrp Eyes. Waipiegs Eyes. 
Width of Diameter 
_ of pin. | Metal section] Maximum | Metal section{ Maximum 
merous the eye,| thickness of | across theeye,| thicisnows of 

1°00 0°67 1°33 0-21 1-50 021 
1:00 0-75 1°33 0:25 ° 1°50 025 
100 1:00 1°50 0°38 1:50 0°38 
100 125 | 1:50 0-54 1-60 0°54 
1-00 1:33 i oi 1-70 0:50 
1-00 1°50 1°67 0:70 1°85 0°70 
100 1°75 ‘1°67 0°88 2°00 0°88 
1-00 2°00 1°75 1:08 2°25 108 





Gibs and Cotters.—Gibs and cotters are frequently used 
instead of bolts or pins for connecting the ends of tie rods. 
Their principal recommendation is that they afford means of 
slackening or tightening the rods, which ig often an advantage, 
as in the case of the ties of roof trusses, &c. A cotter itself is 
merely a tapered bar, rectangular in cross-section, and usually 
made of wrought iron or steel. Fig. 219 shows the method of 
connecting a bar to two plates by 
a simple cotter. The end of the 
- bar is swelled out, and a slot cut 
: in it; slots are also cut in the 
junction plates. When the stress 

Fig. 219. on the bar acts in the direction of 
the arrow, the cotter beara against 
the plates at the surfaces a a, and against the bar at the surface 6, 
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By the arrangement shown, it will be seen that the bar can be 
drawn towards the connecting plates as the cotter is driven in. 

The sectional area taken through the slot in the bar should be 
at least 25 per cent. greater than the sectional area of the bar 
itself. In actual practice it is usual to make this excess of area 
Somewhat more. The cotter being in double shear, the united 
area of both sections should never be less than 25 per cent. 
greater than the bar, and it is advisable to have the excess of 
area 50 per cent. The cotter should not be made too thin or it 
will crush the surfaces against which it bears. 

270. Proportions of Cotters, &c.—Suppose the bar C (fig. 219) 
has to transmit a safe working stress= P, it is required to deter- 
mine a suitable diameter for the bar, and the best proportions 
fur the eye, cotter, and connecting plates. 


Let 7, = safe tensile working stress on the material, 
J, = safe shearing sy . 
J,=sufe compressive ,, ‘3 
d= diameter of the bar, 
b=mean width of the cotter, 
t= thickness of the cotter, 
a, = thickness of the side plates, 
d, = side of the square into which the end of C is forged. 


For the bar C, we get— 


w 4P 
= = 2 — e ® ° 
P 4 U Sy or & of (1) 
From this equation we can determine the diameter of the bar. 
In order to determine the size of the head, we get, by taking 
a section through the cotter hole— 


P=d, (d,-#)xfp .  .« ~ (2) 
from which d, may be found when ¢ is fixed. This gives the 
theoretic size of the head ; but, as already explained, the actual 
sectional area through the slot should be from 25 to 50 per cent. 


greater than that given by this rule. 
For the cotter, we get— 


P=26tf . . . ° (3). 


From this equation 4 and ¢ may be found having fixed one of 
them. 

As previously explained, 50 per cent. should be added to the 
theoretic dimension, as found by this rule. 
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For the bearing surface of the cotter on the eye, we get— 
P=d,tf, . ~ oe (4) 


from which ¢ may be found when d, is fixed. 
For the bearing surface of the cotter on the side plates— 


P=2a,tf, ‘ : ‘ (5), 


from which a, may be found when ¢ is fixed. 

Prof. Unwin gives the following as the values of the limit of 
the safe working stresses (in pounds per square inch) in tension, 
compression, and shearing in connections of this kind :— 


TABLE LXXXIX. 





Wrought Iron. Cast Iron. Steel. : 
RETR ES (LEIA D RR RE [eee ee 
Tearing resistance f,., . 10,400 3,600 15,000 ! 
Shearing resistance f, . 8,320 2,700 12,000 


Crushing resistance f, . 20,800 20,800 3(),000 


CHAPTER XXII. 


PUNCHING, DRILLING, AND RIVETTING, 


271. Methods of Perforating Plates—There are two methods 
of perforating plates, namely, by (1) Punching; (2) Drilling. 
A third method is sometimes followed—viz., to punch a small 
hole and then drill it out to the right size. A considerable 
difference of opinion exists among engineers as to the relative 
merits of these different methods, For wrought-iron structural 
work the general practice up to a comparatively recent period 
has been to punch the holes; it being found more expeditious 
and cheaper than drilling. The tendency of late years, however, 
has been in the direction of supplanting panching in favour of 
drilling, more especially since the introduction of mild steel as a 
material for structural work. This new departure has compelled 
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bridge-builders to lay down suitable drilling plant; and with this, 
the extra cost of drilling over that of punching is not great. 

272. Punching.—In punching plates, it is customary at most 
bridge-works to make the punch about ¥y inch larger in diameter 
than the rivet. The excess of the diameter of the die over that 
of the punch varies with the thickness of the plate punched— 
the thicker the plate, the greater the excess. Thus, in punching 
a hole for a ?-inch rivet in a }-inch plate, the punch should be 
rg inch in diameter and the die 22 inch. Foran inch rivet in an 
inch plate the punch should be 1,J, inch and the die 1,, inch in 
diameter. The hole as punched resembles tho frustrum of a 
cone, the diameter at the small end being equal to that of the 
punch and at the large end equal to that of the die, so that the 
mean diameter of the punched hole is equal to that of the 
nominal diameter of the rivet plus one-half the clearance of the 
punch and die together. 

It is very important in order to get good work that the above 
regulations should be adhered to, and also that both punches and 
dies be in a proper state of repair. If these precautions were 
more commonly observed, a great deal of the objection and 
prejudice which prevails against punching would not exist. 

273. Weakening effect of Punching and Drilling..—Mr. Cochrane* 
made a number of experiments with the object of determining to 
what extent the strength of ordinary wrought-iron structures was 
affected by the processes of punching and drilling; and to see if, 
for ordinary girderwork, drilling has any advantage over punch- 
ing. His experiments were made on two classes of iron, viz :— 
Low Moor, which was soft and fibrous, and Staffordshire, which 
was hard and crystalline. 

He found that the drilled and punched bars were practically of 
the same strength. In the case of the Staffordshire iron, the 
drilled bar was actually about 2:3 per cent. weaker than the 
punched bar, and in the Low Moor about 1 per cent. stronger, 
the specimens being 4 inch thick. When the plates are thicker, 
the process of drilling weakens the plates less than that of 
punching, and the thicker the plate the greater the difference. 

It may be stated generally, that for ordinary wrought-iron 
bridgework, punching is quite as good as drilling when the work 
is properly done. The case is rather different, however, with 
large girders, when there are five or six thicknesses of flange 
plates. In such cases the advantages of drilling the flanges are 
obvious. With punching it is difficult to get the holes in the 
different layers exactly over each other, so that drifting or 


* Pro, Inst. of Mech. Eng., 1872, p. 79. 
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rimering would be necessary. When the flanges of such girders 
are to be drilled, the plates should be first placed in position and | 
the drilling done through the solid flange in one operation. By 
this means true holes may be obtained, and there will be no 
necessity for drifting. 

With wrought-iron plates over 3 inch in thickness, the advan- 
tages of drilling over punching as affecting the strength of the 
plates become very apparent. 

Table XC. gives the result of some experiments made by 
Mr. Parker of Lloyd’s on the strength of punched and drilled 
wrought-iron plates ? inch thick. 

In bars of small section, such as are frequently used in lattice 
girders and roof work, drilling should be employed in preference 
to punching. When a hole is punched close to the edge or the 
end of a bar, there is a danger of the iron bulging or splitting. 
For the same reason when the holes are close together they 
should be drilled. 

274. Punching and Drilling Mild SteeL— Four methods may be. 
adopted in perforating steel plates or bars, viz. :-— 


1. Punching. 3. Punching and annealing. 
2. Punching and rimering. § 4. Drilling. 


It has been found by repeated experiments that the weakening 
effect produced on mild steel plates by punching depends on the 
thickness of the plates and also the kind of punch used. 

The open die or conical punching causes less loss of strength 
than a close die, which produces a nearly parallel hole. From 
some experiments made by Messrs. W. Parker and W. John, 
they found that in punched holes with a taper of only ,; inch 
the loss of strength in the plate was 17‘8 per cent. When the 
taper of the hole was } inch, the loss of strength in the same 
plate was only 12-3 per cent. 

The above experiments also showed that the weakening effect 
on thin plates was much less than on thick ones. The loss of 
strength in }-inch and #-inch plates was only 8 per cent., in 
4-inch plates 24 per cent., while in 3 inch and ? inch it rises as 
high as 33 per cent. 

The effect of punching thick steel plates not only greatly 
reduces their strength, but also diminishes their ductility. The 
injury done to the material, however, ig confined to a zone of 
metal round the hole, less than 4 inch thick ;.for if a 32-inch hole 
be punched and then rimed out to 1 inch or even { inch, it will 
be found that the perforated plate is as strong per square inch as 
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the solid plate. Another method of restoring the strength is to 
anneal the plates after punching. 

Tt is a curious fact that thin steel plates, say up to % inch or 
yes inch, suffer less loss of strength in punching than do wrought- 
iron ones of the same thickness; while in thicker plates, or those 
beyond 3 inch, the loss in steel plates is greater than in iron. 

The general conclusion to be drawn from the above is that 
mild steel, as used for constructional work, may be safely punched 
up to 4 inch thick, and there is no necessity for riming or 
annealing. When over 4 inch and under ; inch the plates 
should be drilled, or else annealed or rimed after punching; 
and, for thicknesses beyond 3 inch, it is advisable to drill the 
holes. At all the principal shipbuilding yards of this country, 
punching, within the limits above named, is permitted by the 
Admiralty and Lloyd's inspectors. 

275. Increase of Strength due to Perforation -—Mr. Kennedy 
made some experiments on the punching and drilling of }-inch 
and ?-inch steel plates, which are of interest. The tenacity of 
the +-inch plates was 34-4 tons, and that of the finch plates 
31:45 tons per square inch, before punching or drilling. 

After drilling, the strength of the d-inch plates was increased 
by 10-7 per cent., and that of the 3-inch plates by 11-9 per cent. 

After punching, the j-inch plate, in spite of the injury done by 
punching, showed an excess of tensile strength equal to 1-2 per 
cent. greater than the unuperforated plate. In the 3-inch plate, 
perhaps on account of its greater mildness, the excess of strength 
was as much as 8 per cent. 

276. Strength of Rivets in Punched and Drilled Holes.—Accord- 
ing to Fairbairn and other authorities, the shearing resistance of 
rivets in drilled holes is less than that of those in punched holes, 
which appears to be due to the sharp edges of the former. It is 
found that by rounding the edges a greater shearing resistance 
is obtained. The following may be taken as the proportions :— 


Shear’ng resistance of 
rivets in tons per sq. inch. 
Punched holes, . : 0-9 
Drilled holes, .. : ; ‘ 19°23 


Rounded holes, « . ; 21:52 


Rivets ann RIivetrina. 


277. Different forms of Rivet-heads.—Rivets are made from 
round bars of wrought iron or mild steel of the requisite din- 
meter, by heating them in a furnace, cutting them to the 
required length, and forming a head of suitable shape by means 
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of a die worked by machinery. The heads of rivets are made of 
a variety of forms; those shown in figs. 220 to 224 being the 
most common. 

Figs. 220 and 221 are termed cup-headed or snap-headed rivets; 
the diameter of the head being about 1:75 times that of the rivet, 
and its depth about five-eighths the diameter of the rivet. 





Fig. 220. Fig. 221. Fig. 222. Fig. 223. Fig. 224. 


Fig. 223 is termed a pan-headed rivet, while that shown in 
fig. 224 is called a conical-headed rivet, and that in fig. 222 a 
countersunk-headed rivet. 

The following proportions of rivet heads are commonly em- 
ployed :— 

Lllipsoidal (fig. 220)— 
D =diameter of rivet, 
R= large radius=D, 
r =small radius = -4 D, 
d= depth of head at centre = ,% D. 


Segmental (fig. 221)— 
D = diameter of rivet, 
d= depth of head at centre = 3 D, 
R= radius of rivet-head =? D, 
l= depth of centre below shoulder = 3 D. 


Countersunk rivets (fig. 222)— 

The countersink should be at an angle of 60°, and in any case 
the countersinking should not extend beyond 3 of the thickness 
of the plate. 

Diameter of rivet =D, 
Depth of countersink ='5 D, 
Extreme diaméter of head=1°52 D. 


Pan-headed or cheese-headed rivets (fig. 223)— 


Diameter of rivet = D, 
Depth of head =-45 D, 
Diameter of head = 1:5 D. 


The shank of the rivet is parallel or slightly tapering towards 
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the point; its diameter being slightly less than the hole into 
which it is inserted. 

278. Method of Forming the Rivet-Head.—-The process of rivet- 
ting consists in heating the rivet, if a short one, to a uniform 
heat all over in a furnace ; if a long one, it will only be necessary 
to heat the point to a white heat, the body of the rivet being heated 
to a lower temperature ; the rivet is then inserted in the hole and 
a second head is formed, usually of the same shape as the first, 
at its point. This second head is formed either by hammering 
by hand, or by the application of mechanical foree. In the 
process of forming this second head, the shank of the rivet is 
swelled out so that it completely fills the hole; when a rivetted 
member of a structure, therefore, is subjected to a direct com- 
pressive stress, us far as its strength is concerned, it may be 
considered as one solid piece, the shank of the rivet replacing 
the material which has been punched or drilled out of the 
member. For this reason it 1s usual, in considering the strength 
of the compressive members of a structure, to take the gross 
sectional area as effective, no deduction being made for the holes 
when the rivetting is properly done. 

The length of the shank which projects through the plate neces- 
sary to form the head depends (1) on the thickness through which 
the rivet passes, (2) on the diameter of the rivet, and (3) on the 
method by which the head is formed—z~z.e., by hand or by machine. 

The longer the rivet, the more material is taken up in filling 
the hole, and consequently the greater will be the length 
required for forming the head; also the larger the diameter of 
the rivet, the greater must be the length of shank required to 
form the head. It is also found that more material is required 
to torm the head when made by a machine than by hand. 

Fig. 225 gives the proportion for a snap-headed rivet 1 inch 
in diameter passing through two 4-inch plates. In this example 
if inch is the length of shank usual to 
allow in order to form the head when made 
by hand, and 1% to 14 inch when made by 
machine. Im?fthe rivet be ? inch in diameter, 
1} inch and 1} inch respectively are suffi- 
cient; and for }-inch rivets, 1 inch and 
1$ inch. If the rivet pass through four 
plates instead of two, it will be necessary 
to add } inch to the above dimensions. In 
Fig. 225. order to form a countersunk head, an allow- 


ance of shank equal to about the diameter 
of the rivet is what is usually allowed. 
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It must be borne in mind that the above proportions are given 
to indicate the general practice, and are not to be considered in 
the light of hard and fast rules. Cases may arise when a slight 
modification will be advisable. 

279. Rivetting by Hand.—In hand-rivetting the services of 
three men are required, one to hold the rivet in its place by 
means of a holder-up, while the other two form the head by 
hammering alternately. 

In order to form conical or countersunk heads, hainmers alone 
are necessary, but for cup-heads a cup-shaped die, usually termed 
a “snap,” is used to give the head the required form. In 
addition to the three men, the services of a lad are required to 
heat the rivets in the furnace and to bring them to the work as 
required. The cost of hand-rivetting varies in different localities ; 
the average price in England at present being about one shilling 
and sixpence per score for #-inch rivets, those of larger diameter 
being a little more and of smaller a little less. 

280. Machine Rivetting—Steam Rivetters—-Mechanical Rivet- 
ters.—In machine rivetting, the rivet is placed between two dies, 
the first head resting in one dic, while the other die is pressed 
down on the free end, and thus forms the second head. The 
older forms of rivetting machines were driven by steam acting 
through the medium of a piston on the end of a plunger which 
gave a sudden blow to the rivet. The pressure exerted on the. 
rivet by this machine is equal to the area of the piston in square 
inches multiplied by the steam pressure per square inch. Steam 
rivetters in time became superseded by mechanical rivetters, the 
ram in these machines being worked backwards and forwards by 
means of an eccentric shaft, the machine being driven by a strap. 
By these machines the pressure applied in forming the head, 1s 
more gradual than in steam rivetters, but the pressure cannot be 
varied or readily ascertained. For this reason they are not 
suitable for the best class of boiler-work, but for ordinary girder- 
work they answer very well. 

281. Hydraulic Rivetters.—The next development in power- 
rivetting was the introduction of hydraulic rivetters, and for 
many years this system, espevially for boiler-work, has been 
gradually superseding the older methods. ‘he advantages of 
this system are that the pressure on the rivet is applied gradually, 
and also the exact pressure can be ascertained and varied at 
pleasure. By this method also sniall portable rivetting machines 
may be used, and instead of bringing the work to the machine 
as is the case with fixed rivetters, the machine may be taken to 
the work. ‘This is very advantageous in crecting large bridges 
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and similar structures in situ. The hydraulic pressure is con- 
veyed to the machine by strong metal pipes with elbow joints, 
the pressure varying from 1000 lbs. to 1750 Ibs. per square inch. 
Some of the objections to this system are that owing to the great 
pressure used there is generally a leakage at the joints; in cold 
weather also, there is a danger of the water being frozen. ‘The 
cost also is considerable, as in addition to the machines them- 
selves, there are the pumps and accumulators which are rather 
expensive. 

282. Pneumatic Rivetters.—The most recent system of power 
rivetting is that in which pneumatic pressure is the motive power. 
This method, patented by Mr. Allen of New York, has been in 
general use in America for some years; it has only been quite 
recently introduced into this country, and so far as its applica- 
tion to portable machines is concerned, it bids fair to establish 
itself asa favourite. In Mr. Allen’s system the air is pumped 
into a wrought-iron or steel receiver until a pressure of about 
80 lbs. per square inch is obtained ; this pressure being sufficient 
for economically working the machines. The compressed air is 
taken to the machines by flexible tubes, and acts directly on 
the piston, which latter usually varies from 8 to 12 inches in 
diameter, according to the power required. The piston rod is 
connected to the plunger by a system of levers, by means of 
which the power is multiplied, so that the pressure on the ram 
varies, being a minimum at the commencement of its stroke 
and a maximum at its finish. 

This system of rivetting is perhaps the best of all when applied 
to portable machines ; the compressed air, on account of its com- 
paratively low pressure, being much more conveniently distri- 
buted than water, and also there is no risk of its freezing, which 
is an advantage in exposed situations in cold weather. The cost 
also is not so great as that for a hydraulic plant. 

283. Pressure Required to Form the Rivet-Head.—The amount 
of pressure on the plunger necessary to form a rivet-head de- 
pends very largely on the extent to which the rivet is heated ; 
it depends also on the material of which it is made and on its 
diameter. 

With wrought-iron rivets ? inch in diameter, and heated to a 
red heat, from 20 to 30 tons is quite sufficient, while with l-inch 
rivets 45 tons will be necessary. 

With rivets made of mild stéel, the pressure required will not 
be much more, but with hard steel it will be 50 or 100 per cent. 
im excess. 


Rivetting.as done by the machine is far better than that done 
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by hand ; the pressure being so much greater and more equable, 
the different layers of plates are closely pressed together, and 
the rivet is made to fill the hole much more effectively than if 
manual labour be employed. 

Hand rivetting is similar in its mechanical effect to a small 
weight falling on the rivet-head a great number of times; this 
mainly affects the particles at the end of the rivet. On the other 
hand, machine rivetting resembles a heavy weight falling on the 
rivet, but with a less velocity, and transmita its effect to the 
whole body of the rivet. Not only is the work better done by 
the machine, but it is done much more quickly and economically. 
Rivets which cost one shilling and sixpence per score when put 
in by hand will only cost from fifteen to twenty shillings per 
thousand when put in by machine. 

The advantages of machine rivetting being so patent, there is 
little doubt that hand rivetting would be dispensed with altogether 
if it were not for the fact that it is impossible or inconvenient to 
get a machine into cramped and other situations; in such cases 
hand rivetting must be resorted to. Further, when a bridge or 
other structure is being erected in an out of the way locality, it 
will not always pay to transport a rivetting plant to the site. 

284. Strength of Rivets put in by Different Machines.—Messrs. 
Greig & Kyth made some experiments with the object of deter- 
mining the shearing resistances of rivets put in by different 
machines, Three strips were connected together by a rivet, so 
that it was in double shear. It appeared that the strength of 
the rivet was greatest when the joint was made by the machines 
which worked with the greatest pressure. 

With steel rivets 3 inch diameter in 34-inch drilled holes, the 
pressure on the rivet and the shearing stress were as follows :— 


TABLE XCI. 


Pressure on Rivet | Shearing Resistance in 
in Tons. Tons per Sq. Inch. 


Steam Rivetter, : : a 4 37 | 23°74 
Stationary Hydraulic Rivetter, . 23°80 
Portable om be 99-78 
Power Rivetter—Light, .  . 22°5 
r Heavy, . ; 23°76 
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CHAPTER XXIII. 


BRIDGES. 


Workine Loaps AND STRESSES. 


285. Definition.— Bridges are structures designed for the purpose 
of carrying roads over rivers, ravines, or other roads. They 
may be made of stone, wood, iron, or steel, and may be in one or 
more spans. Under this heading are also generally included, 
Viaducts, Aqueducts, and Culverts. 

Viaducts ure structures similar to bridges, but they always 
consist of more than one span, usually several; and their object, 
to a large extent, is to save the expense of forming a high 
embankment in order to carry the road at the requisite level. 

An aqueduct is a structure similar to a viaduct, but instead 
of carrying a road it is designed for conveying water. 

A culvert is a kind of drain, its object being to allow water to 


Cantdevers. 





Fig. 226. 


Cantalevers with Central Girder. 





Pig. 227. 


pass a road, d&c. Culverts are usually constructed of brick or 


stone, and their consideration does not fall within the scope of 
this work. 


PARTICULARS REQUISITE FOR DESIGNING A BRIDGE. 403 


Simple types of bridges are Girder Bridges, Cantilever Bridges, 
Arched Bridges, Suspension Bridges, &c., while complex types 
consist of a combination of two or more of these elementary 
forms. 

Fig. 226, which is a simple cantilever bridge, is an example of 
the first type, while fig. 227, which is a combination of canti- 
levers and girders, is an example of the second type. 


286. Substructure and Superstructure—A bridge may be 
divided into two main parts— 


1. The substructure ; 
2. The superstructure. 


The substructure comprises the abutments and piers, including 
their foundations. The abutments are the end supports, and are 
usually built of stone or brick. The piers are the intermediate 
supports, and may be of brick, stone, or Iron. 

A bridge of one span has no piers, and all bridges have two 
abutments, 

The superstructure of a bridge consists of the top portion, 
including the roadway, girders, arches, chains, bracings, &c.; in 
fact, everything in the bridge with the exception of the abut- 
ments and piers. 

The relative importance of the substructure and superstruc- 
ture mainly depends on the nature of the site. 

287. Particulars Requisite for designing a Bridge.—-As a rule, 
the object of the engineer in designing a bridge ought to be to 
make it as cheap as possible consistent with its utility and 
general appearance. The cost of the superstructure increases 
with the length of the spans ; therefore, so far as the superstruc- 
ture 1s concerned, economy is best attained by increasing their 
number and diminishing their lengths. On the other hand, the 
greater the number of spans, the greater the number of the piers, 
and consequently the cost of the substructure; it is necessary, 
therefore, to determine which is the best combination for each 
particular case. If the piers are high and the foundations bad, 
or if they occur in a river of arm of the sea where the water is 
deep and the current swift, they become an expensive item, 
and the fewer there are the better. 

In the case of navigable rivers, another consideration must be 
taken into account. It is important that the height of the 
superstructure above the water and the position of the piers be 
such that the river traffic is not interfered with. Frequently the 
former desideratum cannot be obtained without great cost. It 
- may be necessary to make one span of the bridge movable, so 
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that it can be opened to allow vessels to pass. All these con- 
siderations have to be taken into account in making the design, 
and if possible, the engineer should visit the site and examine the 
nature of the foundations by borings or otherwise. When this 
is not possible, as in the case of bridges to be erected abroad, the 
following among other particulars should be supplied :-— 

1. A complete section of the site, showing the length of the 
proposed bridge and the levels of the approach roads. 

2. Information as to the nature of the ground and its suita- 
bility for foundations; this is especially necessary when the 
bridge has to cross a river where piers may be required. The 
nature of the bed of the river should be ascertained by borings, 
and the existence of rock, gravel, sand, clay, and boulders should 
be shown on the section. 

3. The highest and lowest levels of the water should also be 
indicated, and the clear headway required for passing vessels. 

4. If the bridge is for ordinary road trafiic, the required 
width of the roadway and footpaths should be indicated; also the 
kind of roadway required, whether timber, macadam, or stone 
pavement. 

5. The kind of traffic liable to come on the bridge should be 
specified, more particularly the heaviest loads which may pass 
over it. It is also necessary to know the distance apart and the 
number of wheels of the vehicles which convey these loads. 
This information is specially useful for determining the loads on 
the cross girders and road bearers, which are exposed to heavy 
concentrated weights. 

6. If the bridge is for the purpose of carrying a railway, it 
should be stated whether a single or double line is required, also 
the gauge of the rails. The weight of the heaviest engine and 
how the weight is distributed on the wheels should be stated, 
and also the weight per lineal foot of loaded trucks and carriages. 

7. Information should also be given of the means of conveying 
the bridge to the site; the nature of the roads, é&c., leading to it. 
In case scaffolding be required to erect the bridge, information 
should be had as to the facilities for obtaining this in the 
neighbourhood. 

Information under this last head is often of the greatest 
consequence. Some sites are so inaccessible, that the cost of 
getting the bridge there, may be more than the cost of the bridge 
itself, In such cases the design must be so arranged that no 
part must exceed a certain weight and certain dimensions. 
Cases sometimes occur where skilled labour cannot be procured 
in the locality, and where it may be expensive to send suitable 
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men. Under such circumstances arrangements should be made 
so that the work to be done on the site be as simple as possible. 

288. Dimensions of Bridges.—There are certain minimum main 
dimensions, such as the width and height, of public road bridges 
which are fixed by the Governments of different countries. In 
this country, for example, for Over Bridges, or bridges which carry 
a road over a railway, the width between the parapets for a 
turnpike road should be at least 35 feet, except in special cases 
where the road at either end of the bridge is narrower, when the 
width may be less, but in no case to be under 30 feet. 

For public roads, other than turnpike, the width between the 
parapets should not be less than 25 feet, except in special cases 
similar to those mentioned for turnpike roads, when the minimum 
width may be 20 feet. The minimum width for private roads is 
12 feet. 

The minimum height of the lowest portion of an over bridge 
above the rail-level is 14 feet 6 inches. 

In Under Bridges, or those which carry a railway over a road, 
the widths for the different kinds of roads, or what is the same 
thing, the spans, taken on the square, of the bridges, should be 
the same as stated for over bridges. 

The minimum head room for turnpike roads should be 12 feet 
at the springing of the arch—if an arched bridge—-and 16 feet 
for a breadth of 12 feet in the middle. For other public roads, 
these dimensions should be 12 feet, 15 feet, and 10 feet respec- 
tively. 

Forpaelte roads, the minimum head room should be 14 feet 
for 9 feet in the middle. 

289. Dimensions relating to Railway Bridges.*—Tuble XCILI.,. 
see p. 406. 

“ Additional width at bottoms of cuttings, from 0 to 9 feet. 

“ Arches over the railway are seldom made of the minimum 
spans shown by the table on p. 406, except in the case of tunnels. 
Bridges over narrow-gauge lines are usually of the following 
spans :— 

Over a single line, from 16 to 18 feet, 
Over a double line, from 28 to 30 feet.” 


290. Loads on Bridges.—All bridges are exposed to two kinds 
of vertical loads which should be considered separately, viz. :— 


1. The dead load, 
2. The live load. 


* Rankine’s Useful Rules and Tables, p. 142. 
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TABLE XCIL. 





Since LINE. Ft. Ins. Ft. Ine. Ft. Ins. 
Clear space outside of rail, eS 4 0 4 0 4 0 

{ Headofrail, . . . . ., 0 2: 0 2k 0 2) 
Gauge, : P ‘ : , : 4 8} dS 3 7 #0 

Head of rail, ‘ ‘ i : Q 25 | 0 2h 0 2h 
Clear space ontside of rail,. : : 4 0 4 0 4 0 


least width admissible for arch- 


Least breadth of top of ballast, and | 
13 
ways, &c., traversed by the railway, | 


Spaces for slopes of ballast, and 











14 | 13 8 15 5 




















} 
benches beyond them, on on : rot 4 4 ! 9 2 
embankments, : \ | 
Total breadth of ey ofembank-} from | 17 0 ! 
ments, . fto | 22 0 }} 18 0 Lome 
Dovs.E LINE. | 
Clear space outside of rail, ‘ 4 0 4 | 4 Q 
Head of rail, . om! om | o 2 
Gauge, . . . . . «f 4 88; 5 8 7 0 
Head of rail, . .| 0 2: 0 xf 0 2h 
Middle space (called the ‘‘ six feet”’),. 6 0 6 0 6 0 
Head of rail, 0 2% | 0 2 () 2h 
Gauge, e . de “S 49 Seo te 7 0 
Head of rail, .. : : , ‘ 0 2s 0 24 0 24 
Clear space outside of rail, 4 0 4 0 | 4 0 
Least breadth of top ballast, and least | | 
width admissible for archways, &., 24 3 25 4 28 10 
traversed by the railway, . 
Spaces for slopes of ballast, and 
trenches beyond them on em- ha : a | \| 4 9 2 
‘bankments, . J | 
a ee 
Total breadth of top of em-jfrom | 28 0 | 
bankments, . em: 33 0 | 30.0 | 38 0 
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291. Dead Load.—The dead load on a bridge consists of the 
weight of the superstructure, and is constant for each bridge, 
and, therefore, produces a constant stress either of compression 
or tension on each member. It consists of— 


1. The roadway, 
2. The platform, 
3. The main girders. 


The roadway may be of wood, macadam, brickwork, stone 
setts, asphalt, or iron, or a combination of two or more of these. 

The roadway is practically uniformly distributed over the 
whole surface of the platform. The following table gives the 
weights of the materials most commonly used for the roadways 
of bridges :— 


TABLE XCIII, 


Material. babar ris ov 

Pine, ‘ : 30 to 42 
Oak, ‘ : 50 to 60 
Creosoted pine timber, 42 to 48 
Granite, 165 
Limestone, . 160 
Sandstone, . 155 
Asphalte, 150 
Brickwork, . 96 to 112 
Concrete, ; ; ‘ . 120 to 135 
Sand, : : , : . 100 to 120 
Macadam (compressed), ‘ , ; 120 


292. Live Load upon Public Road Bridges.—The greatest dis- 
tributed live load that can come on a public road bridge is that 
produced by a crowd of people closely packed over its whole 
surface. Tle estimated weight of such a crowd varies consider- 
ably ; some engineers consider 80 lbs. per square foot sufficient, 
while others give very much higher estimates. Mr. Stoney 
packed 58 Trish labourers, weighing 8,404 Ibs., into a space of 
57 square feet ; this is equivalent to 147-4 lbs. per square foot. 
It is, however, scarcely possible that such crowding could take 
place on a bridge. If 1 ewt. per square foot be taken to repre- 
sent the maximum load it will be quite sufficient. A body of 
men marching with regular step over a bridge is very trying to 
it, especially if it be of the suspension type. Itis the opinion 
of some engineers that the stresses produced on some forms of 
bridges by such a moving Joad are at least twice as great as those 
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produced by the same load ina state of rest; but then it must 
be remembered that the actual weight of marching troops per 
square foot is not nearly so great as that of a stationary crowd ; 
in fact, it does not exceed 40 lbs. per square foot. 

Public road bridges are subject to other loads besides a crowd 
of people ; and though in the aggregate they do not equal 1 ewt. 
per square foot of roadway area, yet at certain points their in- 
tensity is very much greater, and they may produce very great 
local stresses. For example, a traction engine or a 4-wheeled 
vehicle carrying a heavy boiler, &c., may produce pressures as 
great as 10 tons on each wheel, or 20 tons on a pair of wheels. 
A single cross-girder may thus have to support as much as 20 
tons from the passing load, whereas the weight coming on it 
from a crowd of people would be very much less. A heavy roll- 
ing load of this kind would also produce great shearing stress 
towards the centres of the main girders which would not be pro- 
duced by a uniformly distributed load. From this it will be 
seen that, in order to find the maximum stresses on the different 
parts of a road bridge, it will be necessary to calculate the 
stresses both from the maximum distributed load and the maxi- 
mum rolling load, taken separately. If the main girders be of 
the lattice type, a heavy concentrated rolling load will produce 
stresses of different kinds, viz., those of compression and tension, 
in the braces towards the centres of the girders, according to its 
position on the bridge, so that it will be necessary to counter- 
brace these central lattices (see pp. 273, 276). 

293. Live Load on Railway Bridges.—The maximum rolling load 
coining on a railway bridge, consists of a string of locomotives 
coupled together so as to cover the bridge. The weights of 
locomotives are very much greater now than formerly, and the 
limit does not yet seem to be reached. The maximum load ona 
cross-girder occurs when a pair of driving wheels rests upon it, 
or two pairs in a double line of railway. 

Table XCIV. shows the average distribution of the weights of 
a six-wheeled locomotive on its wheels,* assuming the total 
weight of the engine in working order to be 1. 

A string of locomotives coupled together will weigh from 1 ton 
to 14 tons per lineal foot. A train of loaded cars will weigh 
from 4 ton to { ton per lineal foot. The live load per lineal foot 
to be allowed for in railway bridges varies with the span. An 
engine weighing 40 tons may not have a greater wheel base 
than 16 feet, so that a bridge of 16 feet span, may have a load 


* Molesworth. 
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of 40 tons for each pair of rails resting upon it, or 2} tons per 
foot. As the span increases, the weight per foot decreases, so 
that in bridges of 100 feet span, the weight per foot on each line 
will not exceed 14 tons. For spans of 400 feet, the load will 
be rather less than 1 ton. 


TABLE XCIV. 





oe, (toods Engines. 
Paerneeee nl 2 Boe pee | 
ling wheels, . : 0°32 | 0°34 
ving wheels, . : 0-48 | 0°36 
iling wheels, . . 0-20 ! 0°30 
Lofengine, . ‘ 1-00 | 1:00 
Passenger engines, 4 ft. 84 in. gauge, 
average weight, . : : ‘ from 30 to 35 tons, 
Goods engines, . : , ‘ : ,, 30to40 ,, 
‘Metre gauge, . ; : , ‘ » 18to20 ,, 


Sir B. Baker gives the following loads for modern engines :- 


TABLE XCV.--Live Loap 1n Tons FoR SincLe LINE, 
For 10 feet spans, rolling load = 3°00 tons per foot, 


” 20 33 29 2°40 99 
» 30 is $3 2°10 ‘3 
93 60 Led 39 1°50 ? 
»» 100 Y ’ 1375 r9 
99 150 ”? 9 1°25 ‘9 
1» 200 . ‘i 1125 “ 
29 300 3 ” 1:00 >? 


Table XCVI. gives the maximum rolling loads for different 
spans allowed by one of the large English railway companies. 
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TABLE XCVI.—Maximum Rotuine LoAps on RaILway BripGes or 
DIFFERENT SPANS. 





Rollin Rollin 
Toad: ih | 

















Batis Raila | Baus 
Span in (Dian etedl! Spanin |DietMbated|| span in |Distribated|| Span in {pistslbnted 

‘eat: | for each eet. | for each Feet. | foreach || Feet. | for each 

an is nie | | eS 
10 | 32 33 62 56 ats) . 79 118 
11 | 33 | 34 63 57 87 80 120 
12 34 35 64 58 88 81 121 
13 36 36 65 59 90 §2 123 
14 38 37 66 60 9] 83 124 
15 40 38 67 61 93 84 125 
16 42 39 | «68 62 94 85 127 
17 45 40 69 63 06 S6 128 
18 47 41 70 64 97 87 129 
19 48 42 71 65 98 88 130 
20 50 43 72 66 *) 89 132 
21 51 44 73 67 101 90 133 
22 53 45 74 68 102 9} 134 
23 64 46 75 69 104 G2 136 
24 55 47 76 70 105 3 137 
20 56 48 77 vat 106 J+ 138 
26 57 49 78 72 108 05 140 
27 57 50 79 73 109 96 141 
28 58 51 80 74 lil 97 143 
29 59 52 8} 75 112 98 144 
30 59 53 82 76 114 52) 145 
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Mr. Stoney, in the last edition of his work, gives the following 
table, which he recommends for lines where the heaviest engines 
are used. It will be noticed that these loads are considerably 
in excess of those recommended by Mr. Baker :— 


TABLE XCVII.—Sranparp Roriiine Loap on Rartway Bripaxs. 








Standard train load | Standard train Joad 
Length of Girder, per foot of each Length of Girder. per foot of each 
line. jine, 
| 
Feet. Tons, | Feet. ) Tons. 
400 1-25 100 to 40 20 
i 
350 1°37 30 25 
300 1°50 | 30 3°0 
250 1°62 25 3°5 
200 1°75 | 20 40 
150 1:87 | 15 45 
| 10 5-0 


} 


The loads given in the preceding tables are applicable only to 
fix the strengths of the main girders. Other portions of the 
bridge, such as the cross-girders and rail-bearers, are exposed to 
local loads which have to be considered independently. For a 
single line, each cross-girder, as has been stated, is exposed to 
the weight of a pair of driving wheels, which in heavy engines 
may amount to 20 tons. A rail-bearer is liable to have one 
driving wheel resting on its centre, the weight from which may 
be as much as 10 tons, and its strength must be proportioned 
accordingly. 

294. Effect of Loads in Rapid Motion.—Loads in rapid motion, 
such as railway trains, in passing over a bridge produce greater 
stresses on the structure than equal loads at rest. This factor, 
however, does not seem to be sufficiently great to be taken into 
consideration, except in bridges of small span. Commissioners 
were appointed to investigate this subject, and they made a 
careful series of experiments by passing loads at different 
velocities over bars and observing the deflection. Thus, for 
example, “when the carriage loaded to 1120 lbs. was placed at 


412 BRIDGES. 


rest upon a pair of cast-iron bars, 9 feet long, 4 inches broad, 
and 14 inches deep, it produced a deflection of ,°,ths of an inch ; 
but when the carriage was caused to pass over ‘the bars at the 
rate of 10 miles an hour, the deflection was increased to yyths, 
and went on increasing as the velocity was increased, so that at 
30 miles per hour, the deflection became 14 inches; that is, more 
than double the statical deflection.” Since the velocity SO greatly 
increases the effect of a single load in deflecting tlie bars, it 
follows that a much Jess load will break the bar when in motion 
than when at rest. In the example above selected, a weight of 
4150 lbs. is required to break the bars if placed upon their centre ; 
but a weight of 1778 lbs. is sufficient to produce fracture if 
passed over them at the rate of 30 miles an hour. 

The increase in the deflection of railway bridges owing to the 
rapid motion of a train is practically very small, except in the 
case of small spans. Mr. Stoney found that “the difference of 
deflection caused by a locomotive crossing the central span of the 
Boyne Viaduct, 264 feet in the clear between the supports, at a 
very slow speed, and at 50 miles an hour, was scarcely perceptible, 
and did not exceed the width of a very fine pencil stroke ;” but 
the increase of deflection is more marked in bridges of small 
span, as appears from the following experiments made on the 
Godstone Bridge, South Eastern Railway, by the Commissioners 
appointed to inquire into the application of iron to railway 
structures. The Godstone is a cast-iron girder bridge 30 feet 
span, with two lines of railway. 


Weight of two girders, . : 5 . 19 tons. 
Z platform between these girders, 10 __,, 
‘s half the bridge, t.e., dead load, 25 - 
Weight ofengine,. . .  . 21 tons. 
" tender, . ; ; : 1 34 
Moving load, . ‘ . ‘ 33, 
Velocity in Feet per Deflection in 
Second. Inches. 
0 "19 
23 = 15 miles per hour. ‘23 
40 = 27:3 ,, ss 22 


73 = 498 ,, _ ‘25 
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The conclusions arrived at by the Commissioners were as 
follows :— 

“That as it has appeared that the effect of velocity communt- 
cated to a load is to increase the deflection that it would produce 
if set. at rest upon the bridge; also that the dynamical increase 
in bridges of less than 40 feet in length is of sufficient importance 
to demand attention, and may even for lengths of 20 feet become 
more than one-half of the statical deflection at high velocities, 
but can be diminished by increasing the stiffness of the bridge ; 
it is advisable that, for short bridges especially, the increased 
deflection should be calculated from the greatest load and highest 
velocity to which the bridge may be liable; and that a weight 
which would statically produce the same deflection should, in 
estimating the strength of the structure be cousidered as the 
greatest load to which the bridge is subject.” 

295. Side Pressure on Bridges.—There are two motive forces 
which may produce a horizontal side pressure on bridges, viz., 
wind-pressure and centrifugal force. These forces may play an 
important part in bridges of long span, not only on the super- 
structure, but also on the piers if these latter are high, an example 
of which occurred in the first Tay Bridge, the piers of which 
failed owing to the wind-pressure. As the subject of wind- 
pressure has been treated of elsewhere (see Chap. X XIX.) it will 
not be necessary to refer further to it here. 

296. Centrifugal Force—When the rails on a railway bridge 
form a curve, a centrifugal force is produced by a passing train 
which, though modified by raising the rail on the outer curve, 
cannot altogether be eliminated. Theoretically this force varies 
directly as the weight of the train, and as the square of the 
velocity at which it travels, and cwversely as the radius of the 
curve. 


Tf W = weight of the train in tons, 

its velocity in feet per second, 

radius of curvature of the rails in feet, 
32, the force of gravity, 


centrifugal force in tons, 
Then P = - , a : ‘ ‘ (1). 


r 


fouu ou u 
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LY 


Example 1.—If an engine weighing 40 tons pass over a curve 
on a bridge with a velocity of 60 miles an hour, what will be the 
side pressure exerted on the bridge when the radius of the curve 
=: 1000 feet and both rails are at the same level ? 
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Sixty miles an hour is equivalent to 88 feet per second. We 
have, therefore, 


W = 40, ve = 88, r = 1000, g = 32. 
Substituting in equation (1) we get— 


1\9 
P = 40 2 (88)? 
32 1000 

297. Longitudinal Stresses on Bridges.—In these days of con- 
tinuous railway brakes, when the motion of a train can be 
suddenly retarded by the application of the brakes, a very great 
Jongitudinal stress is communicated to the rails, and which 
through them is transmitted to the bridge. This may become 
serious in bridges resting on high piers. 

If the girders are secured to the picrs as is frequently the case, 
and the ends resting on the abutments be allowed to slide, it is 
evident that the longitudinal stress produced by the rctardntion 
of the train is communicated directly to the pier or piers, con- 
verting them into cantilevers loaded at the free end. 

Mr. Baker, in a discussion on the Jubilee bridge erected in 
India,* said, “ Longitudinal stress from brakes is an extremely 
important element in the design of viaducts at the present day. 
Last Autumn some experiments avere made on the West Shore 
railroad with the Westinghouse brake fitted to a train of 
American box cars, each weighing 20 American tons light, and 
50 tons loaded, with a length of 38 feet 4 inches. That coines to 
very much the same thing as a continuous string of locomotives, 
and the experimental train consisted of fifty of these cars. From 
the rate at which the train pulled up when the brakes were 
applied it might at once be deduced that the retarding force 
must have been }th of the weight. That would mean that a 
similar train over the Hooghly Bridge with the brakes on would 
produce a longitudinal shove of 200 tons. Now 200 tons acting 
on the top of these piers 33 feet high meant a bending moment 
of 6,600 tons. In many cases this would he sufficient to bring 
the bridge down. . . . The old Tay Bridge with five con- 
tinuous spans of over 200 feet, fixed only at one pier and at 
rollers on the others, might have gone down any fine afternoon 
from this cause, if it were not held by the rails of the permanent. 
way which had no expansion joints.” 

208. Working Stresses on Bridges.—There are two kinds of 
working stresses to which the members of a bridge may be 
exposed, viz. :-— 

* Min, of Pro. Inst. af C.E., vol. 92. 
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Ist. The permanent working stress, which is due to the dead. 
weight of the structure itself, and which is permanent and. 
constant. 

2nd. The maximum working stress, which takes place when the 
maximum live load passes over the bridge. Usually when the 
working stress is mentioned, the latter is understood; and the 
working stress on any member of a structure may be defined to 
be the maximum stress per square inch of sectional area to which 
the member may be exposed. 

The question as to what ought to be the safe working stress 
allowed for in different materials is not in a very satisfactory 
condition (see Arts. 19 and 20). Up to the present it has been 
determined by dividing the ultimate strength of the material by 
a certain number, which is called the factor of sufety; and the 
stress thus determined has generally been applied to all cases 
alike, whether the stress be produced by a fixed or by a moving 
load. This practice is open to objections. It is not so much the 
ultimate strength of the material which ought to form a basis 
for fixing the working stress, as its lumit of elasticcty, and this is 
the best criterion for determining the working stress. If the 
ultimate strength be taken as a basis, it should only be done so 
in conjunction with the limit of elasticity. At present both of 
these are recognised by engineers. 

299. Working Stress on Cast-Iron Bridges._—Cast iron, like 
other materials, behaves differently when subjected to a statical 
load and to a moving load. 

The commissioners appointed to inquire into the application of 
iron to railway structures, found that, when a bar of cast iron 
was subjected to long-continued impacts, “The general result 
obtained was, that when the blow was powerful enough to bend 
the bars through one-half of their ultimate deflection (that is to 
say, the deflection which corresponds to their fracture by dead 
pressure), no bar was able to stand 4,000 of such blows in 
succession ; but all the bars (when sound) resisted the effects of 
4,000 blows, each bending them through one-third of their 
ultimate deflection.” . 

From another series of experiments they found “That when 
the depression was equal to one-third of the ultimate deflection, 
the bars were not weakened. This was ascertained by breaking 
them in the usual manner with stationary loads in the centre. 
When, however, the depressions were made equal to one-half of 
the ultimate deflection, the bars were actually broken by less 
than nine hundred depressions. . . . It may on the whole, 
therefore, be said, that, so far as the effects of reiterated flexure 
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are concerned, cast-iron beams should be so proportioned as 
scarcely to suffer a deflection of one-third of their ultimate 
deflection. . . . It follows that to allow the greatest load to 
be one-sixth of the breaking weight is hardly a sufficient limit 
for safety, even upon the supposition that the beam is perfectly 
sound.” 

As a general rule, one-sixth of the breaking weight may be 
taken as the safe working stress for cast-iron girders in bridges, 
while those that are employed to support constant steady loads, 
one-fourth of the breaking stress may be considered safe. 

The Board of Trade, in its regulations with regard to the 
working stresses on cast-iron girders in railway bridges, very 
properly recognises a difference between the dead and rolling 
loads on such structures, and its rule is—“ /7 a cast-iron bridge 
the breaking weight of the girders should not be less than three times 
the permanent load due to the weight of the superstructure, added 
to sia times the greatest moving load that can be brought ov wt.” 

In railway bridges it is best not to expose the cast iron in 
. tension to more than one-sixth of its ultimate strength, which in 
fairly good iron will be from 1} to 1} tons per square inch. In 
those parts exposed to compression, 6 tons may be allowed. 

The working stresses allowed by the French Government are 
very much less, viz., about 0°63 tons in tension, and 3:17 tons in 
compression. 

Engineers in their specifications usually stipulate that test 
bars of cast iron, when supported at the ends, must carry a certain 
weight at the centre. A common test clause is that rectangular 
bars, 2” x 1”, placed edge-ways on bearings 3 feet apart, shall 
support a weight of 25 cwts. suspended from the centre. Another 
common specified test is that bars, 1” x 1", placed on bearings 
4 feet 6 inches apart shall support, without fracture, a weight of 
550 lbs. hung from the centre. It is also usually directed that 
one or more of the test bars shall be run from each heat of 
metal, There is no difficulty in procuring iron to stand these 
tests. " 

When cast-iron pillars rest on masonry foundations, for good 
work it is specified that the bases be faced in the lathe. Ifa 
pillar or pile be made of different lengths bolted together, the 
abutting surfaces at the joints should be faced. Some engincers 
further specify that, in addition to facing the abutting surfaces, 
layers of sheet lead be inserted between them; but this precau- 
tion, except in special circumstances, is superfluous. When cast- 
iron girders rest on masonry, or bearing plates, or other girders, 
it is usual to specify that a layer of sheet Jead or one or more 
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layers of felt be placed between the bearing surfaces. Whena 
cast-iron arch is made up of different segments bolted together, 
the abutting surfaces should be faced and a layer of lead inserted 
between them. 

300. Working Stresses on Wrought-Iron Bridges.— The Board 
of Trade Rule for the working stresses allowed to come on 
wrought-iron bridges is :-—“ In a wrought-iron bridge the greatest 
load which can be brought upon it, added to the weight of the super- 
structure, should not produce a greater stress on any part of the 
material than 5 tons per square inch.” 

Engineers do not take full advantage of this rule in designing 
bridges ; the limit of 5 tons is only applied to those parts of the 
structure exposed to tension, those members in compression not 
being strained to the same extent. The top flanges of girders, 
for example, as a rule are only exposed to a maximum of 4 tons, 
while the struts in lattice girders, &c., are subjected to stresses 
which vary with the ratio of the length of the strut to its 
diameter, and also according to the manner in which the ends are 
fastened, as explained in Chap. XJ. The stress of 5 tons on those 
members in tension is computed on the net sectional area only, 
the area of the rivet holes being deducted from the gross section. 
The stress on the compression members is usually computed on 
the gross sectional area, as the holes are supposed to be completely 
filled up by the rivets. This method of applying the working 
stresses has the effect of making the top and bottom flanges of a 
girder nearly equal in section, the compression flange being 
slightly greater. 

These rules for determining the working stresses on wrought- 
iron bridges, though generally adopted in this country, cannot 
be said to be altogether satisfactory. Wrought iron, like cast 
iron, when exposed to vibrations, and variations of stress, is 
likely to become more deteriorated in time, than when it 1s 
exposed to only a constant and steady stress; and, such being 
the case, it is only natural that this fact should be recognised in 
designing structures. 

This may be done in two ways :— 

1. The flanges of main girders, especially those of large span 
which are not so susceptible to vibrations and variations of stress, 
may be exposed to 5 tons in tension and 4 tons in compression, 
as already explained ; while those of the cross-girders, especially 
in railway bridges which are more exposed to vibrations and 
changes of stress from passing loads, should not be exposed to 
more than 3 tons in compression and 4 tons in tension. This 
difference of working stress between the main and cross-girders 
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of railway bridges is recognised by American engineers. It is 
also advisable in some cases not to expose the lattice-bars of the 
main girders to more than 4 tons in tension. 

2. Two working stresses might be employed, one (for the dead 
load) of say 5 tons for tension and 4 tons for compression, and 
another (for the live load) of say 4 tons for tension and 3 tons 
for compression. This seems a very good practice to adopt in 
designing railway bridges, but so long as it is not recognised by 
the Board of Trade or other Official Authorities, it is uot likely 
to be generally adopted. 

The French rule for wrought-iron railway bridges is that i 
20 part shall the working stress either of tension or compresston 
erceed 3°8 tons per square inch of gross section. 

301. Shearing Stresses on the Webs of Wrought-Iron Girders.— 
In wrought-iron girders with continuous plate webs, there is no 
definite rule as to what working shearing stress should be 
applied to the webs; a great deal depends on whether the webs 
ure properly stiffened. When this is done it is not usual to subject 
them toa greater working stress than 3 or 33 tons per square 
inch of net sectional area, especially in railway bridges ; for the 
cross-girders and rail-bearers the stress should be rather Jess. 

In wrought-iron bridges there is always a certain amount of 
corrosion going on which in time materially affects the strength 
of the structure. This deterioration largely affects the web, 
which, in proportion to its weight, exposes a large surface to the 
atmosphere. For this reason it is advisable to have a good 
margin of strength in the webs. 

All the foregoing working stresses are based on the assumption 
that the iron is of ordinary quality with an ultimate tensile 
strength of at least 20 tons to the inch. With special brands, it 
is allowable to increase somewhat the working stresses, although 
the Board of Trade does not recognise any distinction. 

302. Working Stresses on Steel Bridges.-— Mild steel has of 
Jate years come very much to the front as a material for bridge- 
coustruction, and it is not at all unlikely that, in the future, it 
may altogether supersede wrought iron. The working stresscs 
applicable to this material are not so clearly defined as in 
wrought iron, This is owing to the fact that, being a new 
material, its strength under different conditions of loading has 
not been exhaustively proved. The Board of Trade rules pro- 
hibit, except in special cases, a greater working stress than 
6} tons; this, compared with 5 tons on wrought iron, means 
only an increase of about 30 per cent. This working stress is 
very safe considering that, at the present day, reliable steel can 
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be produced with a tensile strength of 30 tons, and a limit of 
elasticity of about 18 tons. So long as the Board of Trade 
adhere rigidly to their rule, the use of steel for public bridges 
will not be extensive. In the Forth Bridge, where the steel 
conformed to certain stipulated tests, the Board of Trade relaxed 
their rule and allowed a working stress of 74 tons, and it is 
probable that before long they will make this limit universal. 

303. Working Stress on Timber.—Timber is not now much 
used in this country for permanent structures, it being super- 
seded by iron and steel. For temporary structures, however, it 
is still largely used in England, while in America and other 
countries it forms an important material for permanent struc- 
tures. On account of its perishable nature, especially when 
exposed to the weather, it is advisable to use a high factor of 
safety. When under cover the factor of safety for permanent 
structures should be about 8, but when exposed to the weather 
it should not be less than 10, American engineers do not, as a 
rule, allow a greater longitudinal working stress than 800 lbs, 
per square inch on this material. When timber is used for 
temporary structures, such as scaffolding, temporary bridges, 
&c., a working stress equal to one-fourth of the ultimate stress 
may be allowed. 


CHAPTER XXIV. 
BRIDGES—continued. 
FouNDATIONS AND PIERS 


304. Timber Foundations.—The abutments of bridges are 
generally built of stone or brickwork, and are made massive, 
especially when they have to receive the thrust of an arch. 

Up to a comparatively recent period the piers of bridges 
were built of stone, brickwork, or timber, or a combination of 
these. The use of timber may either be temporary or per- 
manent. In the former capacity it may be used for coffer-dams, 
and in the latter as foundations upon which to erect the masonry. 
For this latter purpose timber piles are driven into the ground 
until a good foundation is reached, their tops are then cut off 
level, and they are connected together by horizontal beams of 
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wood, which form a platform upon which the masonry is built. 
Sometimes the piles are driven so as to form a circle, the space 
between being filled with concrete. The ends of the piles which 
go into the ground should be tapered to a point, and if stones or 
other impediments occur in the strata, the ends should be fitted 
with shoes of cast or wrought iron. 

Timber piles are usually driven by a falling weight, worked 
either by hand or by a steam engine. In order to prevent the 
head of the pile being split by the blows of the ram, it should be 
bound with a wrought-iron hoop. Professor Rankine * says, 
“ According to some of the best authorities, the test of a pile’s 
having been sufficiently driven is, that it shall not be driven 
more than one-fifth of an inch by thirty blows of a ram weighing 
800 Ibs. and falling 5 feet at each blow; that is to say, by a 
series of blows whose total mechanical energy amounts to 


30 x 800 x 5= 120,000 foot-pounds.” 


The same authority says, “It appears from practical examples 
that the limits of the safe load on piles are as follows :-— 

“For piles driven till they reach the firm ground, 1000 lbs. 
per square inch of area of head.” (=: 64°3 tons per square foot.) 

“ For piles standing in soft ground by friction, 200 Ibs. per 
square inch of area of head.” (=: 12°85 tons per square foot.) 

“The intensity of the pressure on a rock foundation should at 
no point exceed one-eighth of the pressure which would crush 
the rock.” 

“The greatest intensity of pressure on foundations in firm 
earth is usually from 2500 to 3500 Ibs. per square foot, or from 
17 to-23 lbs. per square inch.” 

305. Coffer-dams.—Coffer-dams are enclosures used for building 
foundations in water. They are usually built of timber, and 
must be made water-tight. As ordinarily constructed, they 
consist of two main rows of piles and sheet piles, the space 
between them being filled with clay. The tops of the piles, 
which must be above high-water mark, are bolted together by 
cross-beams. 

Professor Rankine says :—“ The common rule for the thickness 
of a coffer-dam is to make it equal to the height above ground, if 
the height does not exceed 10 feet; and for greater heights, 
er to 10 feet one-third of the excess of the height abore 

eet.’ 


* Rankine’s Otvil Engineering. 
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This thickness is not given for the purpose of making the 
coffer-dam water-tight, as 3 feet is generally sufficient for this 
purpose, but to give the framework necessary stability. 

306. Caissons.—Caissons are water-tight cases sunk in river- 
beds, or similar positions, and in which masonry or brick piers 
are built. They serve merely the purpose of coffer-dams, and 
are usually elliptical in plan and made of wrought-iron or steel 
plates stiffened with angle or tee rings. They may be removed 
after the pier is built, or they may remain to form part of the 
permanent structure ; the latter plan being generally adopted as 
the cost of removal is often great. 

Tho simplest method of sinking caissons is by gravitation. 
After they have been placed in their proper position in the river- 
bed, the soil is dredged out from the inside, which allows the 
caisson to descend by its own weight. It will sometimes be found 
necessary to place weights on the top to facilitate the descent. 
After the bottom edge has reached a firm stratum which prevents 
the ingress of the water, the latter may be pumped out, when 
workmen can descend to complete the necessary excavation. 
After a firm foundation has been reached the casing can be 
filled with concrete or masonry. 

Cases frequently occur where ‘this simple method of sinking 
cannot be employed. The nature of the river-bed may be such 
that the ingress of water to the caisson cannot be prevented by 
ordinary means; and it may be necessary to cover over the top 
of the casing and force air into it at a considerable pressure, by 
which means the water may be excluded. 

807. Iron Piers.—Iron for foundations and piers may be used 
in a variety of forms, both cast and wrought iron being exten- 
sively employed. Cast-iron piers usually consist of screw-piles 
or cylinders, while wrought iron, as previously explained, may 
be employed in the form of caissons. 

308. Screw-Piles.—Screw-piles are made of different forms and 
dimensions, according to the nature of the ground they have to 
pass through and the loads they have to bear. They are usually 
made of cast iron, and may be solid or hollow, and resemble an 
ordinary column with a screw fixed at one end. Hollow piles 
generally vary from 9 inches to 2 feet 6 inches in diameter, and 
from $ to 1} inches in thickness. They are cast in convenient 
lengths with a flange at each end—except the bottom length—by 
means of which they may be bolted together. In order to make 
a good joint, the flanges should be faced, the holes drilled, and 
the bolts turned; there will then be no play in the holes, and 
the joint will be better able to resist the torsion to which it is 
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exposed in the process of screwing. The first length which goes 
into the ground has the screw-blade cast on it; this latter seldom 
makes more than a single turn. The diameter of the screw 
depends on the weight coming on the pile, and on the nature of 
the ground ; it varies from twice to four times that of the pile, 
and its pitch from one-half to one-fourth of the diameter. It is 
best to have the flanges cast on the inside of the pile when the 
diameter is sufficiently large to admit of the bolts being got in; 
they will not then form an obstruction to the downward passage 
of the pile through the ground. 

Screw-piles are sometimes made of wrought iron or steel, in 
which case they are often solid and of much smaller diameter, 
say from 4 to 9 inches; sometimes, though rarely, the screw- 
blades are made of the same material. Now that stecl castings 
can be made much more reliable and more cheaply than formerly, 
it is probable that this material will, in the future, be much 
used for screw-blades. 

309. Method of Sinking Screw-Piles.—When a pile is to be 
inserted in the ground, it is advisable to have a strong framework 
to hold it in its place and to guide its descent. If it is to be 
screwed into the bed of a river, there should if possible be a 
fixed platform for the men to work on; this is much preferable 
to floating rafts or barges, though the circumstances of the case 
may sometimes render the latter necessary. A capstan is 
usually fixed on the top of the pile, there being a key-way 
in the capstan which fits into a corresponding projection on the 
pile; with this arrangement the capstan will not descend with 
the pile. 

The capstan may be made to revolve by men or horses work- 
ing at the extremities of the arms, or when more power is 
required, a rope or chain may be made to pass round the 
extremities of the arms, and the ends connected to crabs 
fixed on the p'atform or ground. When the pile descends 
@ certain distance, the capstan is removed, another length of 
pile is bolted on, and the operation repeated. Hollow piles, 
especially those of large diameter, should be filled with concrete, 
mfter they have been sunk; this adds to the strength and 
stability of the pile and prevents internal corrosion. In large 
undertakings hydraulic or pneumatic power may with advantage 
tbe substituted for animal labour in screwing the piles. Screw- 
spiles are suitable for piers when the ground consists of sand, 
gravel, clay, alluvial soils and similar strata; they will also 
penetrate soft rock and even brickwork. But when the strata 
contains obstacles, like trees and large boulders, they are not 
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suitable, and their sinking becomes a very troublesome and 
expensive operation. 

Another method of sinking cast-iron piles has been adopted by 
Mr. Brunlees, and is very suitable for sandy soils, such as are 
usually to be met with at the sea side. According to this 
method, the pile is closed at the top, except a small aperture 
where a tube is inserted, through this tube water is forced by 
means of a hand pump or similar appliance; as the water 
rushes down the pile, it forces the sand away from the base, 
and by giving the pile a horizontal reciprocating motion it 
gradually descends. When it reaches the required depth, the 
tube is withdrawn, and the sand consolidates and forms a firm 
foundation. 

310. Piers composed of Screw-Piles.— When a number of screw- 
piles are sunk close to each other, and 
suitably braced together, they form a 
very strong picr. Fig. 228 represents in 
plan an arrangement adopted in forming 
the piers of the Crumlin Viaduct, and 
which has since, with slight modifica- 
tions, been applied to a number of other Fig. 228. 
viaducts aud bridges. Each fier con- 
sists of 14 cast-iron piles 12 inches diameter, with a thickness 
of metal of l inch. The two central ones only are vertical, the 
others tapering inwards towards the top of the pier; they are 
securely braced together both by cast- and wrought-iron bracings ; 
the longitudinal and transverse horizontal braces being cast iron 
and the diagonals wrought iron. 

In making the connection of wrought-iron braces to cast-iron 
piles, it is advisable to have a strap of wrought iron fixed round 
the pile, and the bracing connected to this strap. This is much 
preferable to the plan, frequently adopted, of making the connec- 
tion to a lug cast on the pile; this latter plan cannot be 
recommended unless the lug is made very strong indeed. 

311. Cast-Iron Cylinders.—Cuast-iron cylinders are very suitable 
for forming piers in water. They may be 4 feet diameter and 
upwards, according to the height of the pier, the weight coming 
on it, and the nature of the strata in which they are sunk. The 
thickness of metal is usually from 1 inch to 11 inches. The 
cylinders are cast in about 5 feet lengths, with inside flanges for 
bolting the lengths together. It is important that the joints 
should be made perfectly water-tight, either by facing the edges 
in contact or by caulking. The bottom edge of the cylinder is 
usually made thicker than the main body, and is tapered down 
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to a cutting edge to facilitate its passage through the ground. 
It is a common practice to have the bottom length of the cylinder 
of larger diameter than the main body, the two diameters being 
joined together by a taper length of the form of the frustrum of 
acone. By this arrangement an increased bearing area is pro- 
vided for. 

In the process of sinking a cast-iron cylinder a few lengths are 
bolted together and let down into the bed of the river. The top 
is always kept above water by adding fresh lengths as it descends. 
The material inside the cylinder is excavated by means of a 
digger, and as the material is removed, the cylinder sinks by its 
own weight, or in some cases additional weight is applied to 
hasten its descent. This process is carried on until the bottom 
reaches a stratum of sufficient firmness to form a good founda- 
tion. Extra lengths are then added until the top of the cylinder 
reaches the required height. The cylinder is then filled in with 
concrete, which gives increased stability to the pier. 

Two cylinders at least are required to form a pier—one under 
each main girder of the bridge, and they are braced together 
usually with cast-iron bracing. 

Cylinders of large diameter are sometimes used as casings in 
which brickwork or masonry is built; the latter in reality turm- 
ing the pier. The iron in such cases need only be strong enough 
to serve as a shell for the masonry. 


CHAPTER XXV. 


BRIDGES—continued. 


SUPERSTRUCTURE. 


312. Different Varieties of Superstructure —Bridges, as regards 
the design of the superstructure, may be thus classified :— 


1. Girder bridges. 

2. Arched bridges. 

3. Suspension bridges. 
4, Movable bridges. 
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Another class might be given which includes all bridges 
having two or more of the above designs in combination. 

313. Cast-Iron Girder Bridges.—The oldest form of girder 
bridges, if we except those made of timber, were constructed of 
cast iron ; this material is now rarely employed exccpt in small 
spans. 

There is very little variety of design in a cast-iron girder, it 
consisting mercly of top and bottom flanges rectangular in 
section and joined together by a continuous web. 

From experiments made by Hodgkinson, Fairbairn, and others 
on cast-iron girders supported at the ends and loaded, they 
found that in order that the top and bottom flanges be of equal 
strength their respective areas should be in the proportion of 
1 to 6. 

This proportion is correct as regards the resistance of the 
flanges against fracture. This principle, however, is scarcely 
the correct one to adopt in designing a girder ; the proportions 
of the flanges ought to be fixed so that when the girder is 
gradually loaded their limits of elasticity be reached about the 
same time; and on this principle it will be found that the pro- 
portions between the sections of the 
top and bottom flanges should be 
about 1 to 3, and in practice this 
rule is pretty generally followed. 

Cast-iron girders are suitable for 
road-bridges of small span, where Fig. 229. 
they may be placed from 3 to 6 
feet apart, brick arches being built in between them and resting 
on their bottom flanges (see fig. 229). In an arrangement of this 
kind when a heavy load, such as the wheel of a heavily laden 
waggon, rests on the top of the arch, an outward thrust is pro- 
duced on the arch, which tends to push the adjoining girders 
apart from each other. This may be provided against by having 
a serics of wrought-iron tie-bolts, placed from 5 to 10 feet apart, 
running across the bridge transversely, and attached to the web 
of each girder by nuts or cotters. 

Perhaps the best method of producing this lateral stiffness is 
by means of a series of independent ties between each girder. 
Fig. 230 shows a skeleton plan of four girders, which explains. 
what is meant. Instead of having three continuous tie-bolts 
passing through the webs of the four girders a, 0, ¢, ¢,, there are 
nine ties altogether—three of which brace a and 6 together, three 
brace 6 and c, and three brace candc, In each of the girders 





436 BRIDGES. 


é and ¢ there will be six holes, and in each of the outside girders 
aandc, three holes. A project- 
ing boss is cast round each hole 
to compensate: for the loss of 
metal. With the arrangement 
shown, each tie-bolt can he slack- 
ened or tightened by screwing the 
nuts at its extremities. 

After the brick arches have 

“been built, the haunches may be 
Fig. 230 filled up with ballast, and then 
the roadway laid. 

A floor formed of brick arches is necessarily very heavy, and 
instead of arches wrought-iron bent plates may be used, resting 
on the top flange when that member is straight. Flat cast-iron 
plates resting on either flange may also be employed. 

314 Wrought-Iron and Steel Girders for Bridges——Girders of 
wrought iron or steel are of great diversity of design, when 
used in bridges. Wrought-iron girders have been made for 
spans up to 500 feet. Theoretically, they may be made much 
longer, though they are not economical. Girders in steel, on 
account of the superior strength of this materia], may be used 
for much larger spans than those of wrought iron, though up to 
the present few bridges of the ordinary girder type have been 
constructed of this material for large spans. 

Large steel bridges of the cantilever type (see figs, 226 and 
227), like the Forth Bridge, and similar structures, have been 
found very economical. 

The proportion between the depth and Jength of bridge-girders 
varies considerably. Generally speaking it is from 4 to ,', for 
simple girders, and from ,},; to 445 for continuous girders. 

315. All girders consist of two main parts :— 





1. The Flanges or Booms. 
2, The Web. 


The flanges may be constructed almost of an infinite variety 
of forms, the simplest consisting of a single T-bar or a pair of 
angle-bars, while the webs may be made either of o continuous 
plate or of a system of braces, The webs may also be either 
single or double, in which cases the girders are called single- 
webbed and box girders respectively. 

Fig. 231 represents the cross-section of the most common kind 
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of girder, Each flange consists of one or more plates and a pair 
of angles, and the web consists of a single plate. 
All these parts are rivetted together somewhat 
after the manner shown; the pitch of the rivets 
longitudinally being about 4 inches. Usually 
the web is stiffened by vertical tec- or angle-bars 
placed in pairs one at each side of the web, and 
spaced longitudinally from about 3 to 6 feet apart. 

In applying the usual formula for calculating 
the flange-stress of such a girder loaded uniformly Fig. 231. 





—viz., S= ae (sce p. 159)—the depth of the girder as given by 


d should, theoretically, represent the distance between the centres 
of gravity of the two flanges; but, as in this formula any aid 
given to the flanges by the web is not taken into account, it will 
be sufficiently accurate if d be taken to represent the total depth 
of the girder. In lattice-girders, however, d should be taken to 
represent the depth measuring from the backs of the top and 
bottom angles, which approximately correspond with the centres 
of gravity of the flanges. 

316. Girders made of Different Materials in Combination.— 
Girders are sometimes made with a combination of wrought and 
cast iron. The members in compression, such as the top boom 
and the compression braces of the web, being made of cast iron, 
while the bottom boom and the tensile braces of the web are 
made of wrought iron. This construction is adopted with the 
object of taking advantage of the superior strength of cast iron 
to resist a direct compressive stress; but the combination, though 
good in theory, is not to be recommended in practice, partly on 
account of the difference in the moduli of elasticity of the two 
materials (sce Art. 18). 

There is a further objection to the employment of these two 
materials in large girders, owing to the production of secondary 
stresses caused by the unequal contraction or expansion of the 
two materials from change of temperature. 

Another combination sometimes einployed in plate web girders, 
is to have the flanges made of mild steel and the webs of 
wrought iron. ‘The objections just referred to do not apply to 
this arrangement, and it has the advantage of being economical. 

317. Plate Web Girders——The plate forming the web of a 
girder may be in one or more lengths, the joints being vertical 
and covered at both sides with plates or tee-bars. The web need 
not be of the same thickness throughout in girders with dis- 
tributed loads, it being thickest at the ends of the girder where 
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the shearing stresses are greatest, and diminishing by gradations 
towards the centre, where they are a minimum. The joints in 
the web should always be planed so as to makea good butt 
joint, and the strength of the cover-plates and the number of 
rivets forming the joint should be sufficient to withstand the 
stresses to which they may be exposed. 

The minimum thickness of the web should not, as a rule, be 
less than ,& inch, and, for important girders, not less than 2 inch. 
If made thinner, and corrosion takes place, which it does rapidly 
in some situations, the margin of strength left is not great. 

The web should be suitably stiffened at intervals, by bars of 
tee- or angle-section, either singly, or in conjunction with gusset 
plates. This prevents any buckling of the web, and also gives 
lateral rigidity to the girder. 

318. Stiffeners for Web.—The tee- or angle-stiffeners for the 
web may be arranged in three different ways, as shown in figs. 
231, 232, and 233, In fig. 232 the stiffeners are straight, flat 
packings being placed between them and the web. In fig. 233 
the backs of the stitfeners go against the web, their ends being 
what is termed joggled over the main angles of the girder. This 
arrangement is neater than the former, and the packings are 
dispensed with. On the other hand, it is not quite so effective ; 
besides, there is the cost of joggling the ends. This “juggling” 





Fig. 232, Fig. 233, Fig. 234. 


is most expeditiously done by heating the ends to a red heat, 
and placing the bar between a pair of suitable cast-iron blocks 
worked by hydraulic pressure. 

Fig. 231 represents the third method, the stiffener being what 
is termed cranked, or splayed out over the main angles; this 
cranking is also done in the hydraulic press. For girders with 
broad flanges this is decidedly the best method, as the edges of 
the flange-plates are supported, and greater lateral stiffness is 
given to the girder. 

In all these cases a guyset-plate may be rivetted to the pro- 
jecting web of the angle- or tee- stiffener, and this plan should be 
adopted in large girders. All these stiffeners occur in pairs, one 
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at each side of the web; their distance apart longitudinally 
varies according to circumstances from about 3 to 8 feet. A 
pair of angle-stitfeners is usually placed at each end of the girder 
and also at the edges of the abutments. 

Wherever a heavy fixed concentrated load rests on the girder, 
whether on the top or bottom flange, there should be a pair of 
stiffeners to distribute the load between the flanges. Such cases 
occur where the cross-girders of a bridge rest on the main 
girders, as is shown in fig. 234. A good arrangement in this 
caso is to crank one of the stiffeners on the cross-girder—as 
shown—and to which it is secured by rivets. This forms a 
capital method of stiffening the main girders, and is equally 
applicable to those with lattice-webs. 

319. Rolled Beams.—Rolled beams come under the head of 
single-web plate girders. They are made of wrought iron or 
mild steel in lengths up to 50 feet, and of depths from 3 to 24 
inches, with a width of flange varying from 14 to 8 inches. 

This form of girder is very suitable for the floors of warehouses 
and similar buildings. Their use in bridges is limited to the 
cross-girders and longitudinal bearers, except in bridges of small 
span, when they may be used for the main girders. Rolled 
beams can never be used economically for large spans, unless 
some method is adopted whereby they can be rolled with an 
increased area of flange and a diminished thickness of web 
towards the centre. 

320. Box-Girders.—In girders with wide flanges, or those 
whose webs are exposed to great stresses, it is advisable to have 
two or even three webs to connect the flanges together. Such 
girders are called double-webbed or treble-webbed, or, more com- 
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Fig. 235. Fig. 236. 


monly, box-girders. Figs. 235 and 236 represent some common 
sections of box-girders. That shown in fig. 236, which contains 
8 rows of main angles, is a much stronger form than that 
shown in fig. 235, which only contains 4 rows; for, in addition 
to the increased strength of the flanges, the rivet connection 
between the webs and flanges is twice as strong in the former 
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case, where they are in double shear, than in the latter, where 
they are only in single shear. 

There is no difficulty in putting the rivets in the girder shown 
in fig. 235, but in that in tig. 236 the space between the webs 
must be sufficiently great to allow a man or boy to get inside in 
order to hold the rivets in their place while the heads are being 
formed. Web-stiffeners are not so requisite in box-girders as in 
single-web girders, on account of their greater stiffness. When 
they are used they should be of the forms shown in figs. 232 
or 233, 

In large box-girders with plate-webs, one or more manholes 
should be provided, so that the interior can be scraped and 
painted periodically. In small box-girders, special precautions 
should be taken to prevent the formation of rust by well scraping 
the plates, and painting them with bituminous paint before 
rivetting them together. In order to provide against waste by 
oxidation, it is always advisable to make the plates thicker than 
that necessary by mere considerations of strength. The difficulty 
of cleaning and painting the interior of box-girders will always 
be an objection to them. 

The practice formerly much used of making the top booms of 
large girders to consist of a series of cells or rectangular tubes, 
a notable example of which occurs in the Britannia Tubular 
Bridge, though correct in principle, is open to the objection just 
mentioned; and for this among other reasons this plan of con- 
struction has fallen into disfavour with modern engincers. 

321. Lattice-Girders.—The booms of lattice-girders are of the 
same construction as those of plate-girders, the difference between 
the two classes being altogether in the construction of the web. 

The web of a lattice-girder consists of a series of braces 
vertical and inclined at an angle, which connect the two flanges 
of the girder, and transmit the stresses from one to the other. 
Lattice, like plate-girders, may consist of a single or double web. 
They present a lighter and more pleasing appearance, and more 
readily alapt themselves to variety of design, and where the 
girders are large are much more economical than plate-girders. 
They also possess the advantage of not offering so great an 
obstruction to the wind. This is a very important consideration 
in bridges resting on high piers. 

322. Platforms of Bridges.—The platforin of a bridge consists of 
the cross-girders, longitudinal or rail bearers, road plates, wind- 
bracings, &c. Of late years, wrought-iron or steel trough 
flooring has come into use, and where this is employed, there is 
no necessity for cross-girders and longitudinal bearers. 
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' It is easier to form some idea of the weight of the flooring in 
railway bridges than in road bridges. Sir B. Baker estimates the 
weight of the flooring and wind-bracing of a double line of 
railway bridge supported by two main girders as follows — 
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Span in Feet. Ped Foes per Feo 
10 to 100 14 cwts, 
100 to 150 1G. 

150 to 200 16 ,, 

200 to 250 17 4s 

250 to 300 18 


+9 


323. Method of attaching the Platform.— The platforms of 
bridges are usually connected to the top or bottom flanges of the 
main girders. Circumstances may sometimes make it advisable 
to connect them to the webs, but such cases are rare, and such a 
method is not to be recommended if it can be avoided. 

The most economical arrangement for the platform occurs 
when there are several main girders to each span, and placed at 
short distances apart from each other. If the distance between 
their adjacent edges does not exceed 5 feet, and it be advisable 
to have an iron floor, a good plan is to have wrought-iron or 
steel buckled or curved plates resting on the top flanges, and 
rivetted thereto. With this arrangement, if the plates be 
properly butted together and covered with strips, they may, to 
a certain extent, be considered part of the top flanges of the main 

irders, thereby serving a double purpose. 

324. Different kinds of Floors for Bridges.—The floor of a 
bridge may be made of wood, brickwork, iron, or steel. One of 
the most primitive methods consisted in laying timber planking 
or flag-stones on the tops of the girders. Another method con- 
sisted in building brick arches between the girders, the arches 
resting on the bottom flanges, as explained in Art, 313. Iron 
or steel plates, either straight, curved, buckled, or corrugated, 
resting on the flanges, have been used instead of brick arches in 
more recent times, and possess the manifest advantage of not 
adding so much dead weight to the structure. 

The great majority of bridges consist of only two main girders 
for each span, and it becomes necessary to connect them together 
by a number of.cross-girders, which may rest either on their top 
or bottom flanges; in the great majority of bridges on the 
bottom flanges. 
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When the distance apart of the main girders is not great, or 
when the loads coming on the bridge are small, the cross-girders 
may be made of cast iron, or, preferably, of wrought iron or steel 
rolled girders. In bridges liable to heavy loads, or when the 
distance between the main girders is considerable, the cross- 
girders should be wrought-iron or steel rivetted girders. 

325. Distance apart of the Cross-Girders.—The distance apart 
of the cross-girders, neglecting exceptional cases, varices between 
3 and 12 feet. When the distance does not exceed 5 feet the 
arrangement adapts itself for covermg them with timber flooring 
or iron plates. When placed further than this it will be found 
necessary to introduce short girders between, running longitud- 
inally and parallel to the main girders. These are termed rait- 
bearers or road-bearers, according as the structure is a railway- 
or roud-bridge, and the flooring rests upon them. 

In railway-bridges, or road-bridges lable to heavy concen- 
trated rolling loads, it is not economical to have the cross-girders 
close together, as each will have to be made strong enough to 
carry a large proportion of the rolling load. In a railway- 
bridge, for example, they will have to be made as strong, or 
nearly so, when they are placed 3 feet apart as when they are 
placed 6 feet. In cither case they must be nado strong enough 
to support a pair of driving wheels of the engine, or in a double 
line of rails, two pairs of wheels. 

Take the case of a bridge of 300 feet span carrying a double 
Nine of railway; the live load on such a bridge would bo about 
2 tons per lineal foot for both lines. If the cross-girders be 
placed 3 feet apart, the live load coming on each would be a 
great deal more than 3x 2=6 tons. Each girder may have to 
support two pairs of driving wheels of the engines, which may 
amount to 24 or even 30 tons. If the cross-girders be placed 
6 feet apart, the live load coming on each is practically the same 
as in the former case, and the weight of each girder will be very 
little more. From this it will be seen that the total weight of 
the cross-girders will not be much more than half when they are 
placed 6 feet apart than when they are placed 3 feet, so that the 
saving in the platform is apparent. It may be more economical 
still to place them 12 feet apart; in this case, of course, there 
will be the weight of the rail-bearers to take into consideration, 
but the extra weight of these will not be so great as the saving 
of weight in the cross-girders. 

Generally speaking, it may be laid down asa rule that, when 
the cross-girders of a railway-bridge are spaced at intervals less” 
than 6 feet, the live load on each will consist of the heaviest 
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load on one pair of wheels of the engine for a single line, and 
twice this for a double line of rails. When placed at intervals 
of over 6 feet, in addition to this load, there will be a proportion 
of the loads on the other wheels to be taken into account, and 
this proportion will increase with the distance apart of the 
cross-girders. For example, suppose the distance apart of the 
cross-girders to be 12 feet, and the engine to be supported on 
three pairs of wheels, the axles of which are 6 feet apart. If 
the weight on the leading wheels be 8 tons, that on the driving 
wheels 15 tons, and that on the trailing wheels 9 tons, the 
maximum rolling load on each girder will be 15 + 4 (8 + 9) 
= 23°5 tons. 

The economy of placing the cross-girders far apart only applies 
in a modified degree to road-bridges, as in such bridges the dead 
weight of the roadway is a considerable part of the total load. 

The following Table * shows the relative economy of cross- 
girders placed 3 feet and 12 feet apart in railway bridges :— 


TABLE XCIX. 

















: Weight 
son | Esa || cien | Ee 
SINGLE LINE. Ft Tons. Sq. Ins. Lbs. Lbs. 
Cross-girders, 3 feet apart, . | 14 17°26 | 6°3 1,206 402 
Cross-girders, 12 fect apart, | 14 29°35 | 10°93 | 1,700 pore 
Longitudinal rail-girders, . | 12 19°54 | 108 1,518 | oe 


DovuBLE LIne. 
Cross-girders, 3 feet apart, . | 25°5 | 35°00 11°4 3,654 1,218 
Cross-girders, 12 feet apart, | 25°5 | 58°64 | 19-2 4,704 | 


645 
Longitudinal rail-girders, . | 12 | 38°64 | 21°6 3,026 | 


326. Intermediate Bearers.—The longitudinal rail-bearers or 
stringers, as they are sometimes called, are small girders which 
run in a direction parallel to the main girders of the bridge. 
They either rest on the cross-girders, to which they are attached, 


* Trans. Inst. of C.H., Ireland, vol. viii., 1866. na 
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or fit in between them. In the latter case thcir tops are usually 
made flush with the tops of the cross-girders. In roud-bridges 
the distance apart of the bearers depends on the kind of floor 
used. When the latter consists of flat, curved, or buckled 
plates, the distance will vary between 3 and 5 feet. In railway 
bridges the bearers are placed underneath the rails, and are 5 
feet apart. In this case the greatest load to which they are 
liable is the weight of the driving wheel of the engine resting on 
the centre. This may amount to as much as 8 tons. When they 
rest on the cross-girders they may be made continuous and, 
therefore, much lighter, especially in road-bridges. 

327, Roadway-Timber Flooring.—Timber flooring without any 
ballast is often used for foot-bridges and sometimes tor private 
road-bridges. Tle usual thickness of planking employed varies 
from 24 to 4 inches, and the supports on whicl it rests should 
be placed at distances varying from 3 to 6 feet apart. 

In foot-bridges where the main girders are nut more than 4 
feet 6 inches centres, the planking may be laid transversely with 
the length of the bridge, the ends resting on the bottom flanges 
of the girders and bolted thereto. 

A better plan, however, and one that is applicable no matter 
what distance apart the main girders may be, is to lay the plank- 
ing longitudinally with the bridge and allow it to rest on cross- 
bearers, or cross-girders, which are attached to the bottom 
flanges of the main girders. These cross-bearers in fvot- 
nridges up to 8 fect wide may consist of suitable wrought- 
iron or steel T-bars suspended by bolts or rivets to the 
main girders, and placed not further apart than 6 feet. Holes 
are punched at intervals along the backs of the hearers for the 
purpose of bolting the planking. With this arrangement cach 
plank may extend over three or four bays, and this continuity 
adds materially to the strength of the floor, When the main 
girders are further apart than 8 feet, rolled beams or rivetted 
girders should be used for cross-girders. A good method of 
giving lateral stifiness to the main girders arranged on this plan 
is to prolong every third or fourth cross-bearer beyond the sides 
of the main girders and to introduce a raking strut, which may 
be of angle- or tee-section, this strut being rivetted both to the 
girder and the cross-bearer. 

Timber flooring should not be relied upon to resist the hori- 
zontal lateral stresses on the bridge produced by wind-pressure. 
To provide for this, bars of wrought iron arranged diagonally 
should be bolted or rivetted to the main girders and cross-bearers, 
and continued the whole length of the platform. 
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Timber flooring may be used for railway bridges when it is 
desirable to keep the first cost as low as possible, though it 
cannot be recommended for first-class structures. The sketch 
shown in fig. 237 represents a common arrangement. The cross- 
girders should be placed about 
4 fect apart, and upon these 
are laid longitudinal timber 
sleepers about 12 inches by 
6 inches, to which they are 4b 
attached by angle plates and Fig. 287. 
bolts. Between the sleepers, 
and at either side, longitudinal planks from 3 to 4 inches in thick- 
ness are laid, and bolted to the cross-girders. It is customary 
to place a layer of ballast, preferably of ashes, on account of 
its lightness, to a depth of about 3 inches over the whole sur- 
face of the platform, 80 as to prevent the timber being ignited 
by sparks from the engine. In this case the planks should be 
close-jointed to prevent the ballast falling through. When there 
is no ballast there is no necessity for this, and it is advisable to 
lay the planks with spaces between them of from } to } inch, so 
that water may the mure easily escape. 

328. Iron Flooring.—The floor of a bridge when made of iron 
or steel may be constructed in the following ways :— 





1. Cast-iron plates. 

2. Wrought-iron or steel plates, flat or curved. 
3. Buckled plates. 

4, Corrugated flooring. 


Cast-Iron Flooring Plates. —When the floors of road-bridges are 
made of cast-iron plates, they may be Lolted to the top flanges of 
the cross-girders or longitudinal bearers. They are usually made 
square, about 3 or 4 feet on the side, and have stiffening ribs 
cast diagonally on the upper surface, and vertical flanges at the 
sides for bolting to each other. The thickness depends upon their 
size and the loads coming on them, and usually varies between 
$ and 1 inch, After being laid, they are levelled up with 
concrete to the tops of the ribs, which are from 3 to 4 inches 
deep. On the concrete is laid the road metalling. 

Wrought-Ivon aul Steel Flooring Plates.—Wrought-iron and 
steel road-plates may be either flat or curved. They are rectan- 
gular in form, usually from 3 to 5 feet on the side, and from 
xs inch to % inch in thickness. They may be rivetted to the 

anges of the main girders, cross-girders, or longitudinal bearers, 
as the case may be. They are much stronger in the curved form, 
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and in such case their haunches are levelled up to the crown 
with concrete, on which the road metalling is laid. The plates 
may be bent cold by pressing them through rolls to give them 
the requisite curvature, and then flanged at the edges. 

This flanging may be done cold in a press, care being taken 
that the line of curvature of the plate is in the direction of the 
fibre of the iron; if not, the plate is liable to be cracked in the 
process of flanging. 

The rise of the crown for plates 4 feet span usually varies 
between 1} and 4 inches; the greator the curvature the stiffer 
the plate. When the plates are laid on girders or bearers, the 
latter ought to be tied or braced together to prevent them 
spreading laterally under a passing load. 

For good work the edges of the road-plates should be planed, 
so that they may butt evenly together; the joint between two 
plates may be covered with a single flat strip or tee-bar placed 
on the top side and rivetted thereto. This is sufficient for curved 
plates. For flat plates a double flat strip or one strip and one 
tee-bar are often used, one being placed above and the other 
underneath the plates, the whole being rivetted together. 

329. Strength of Wrought-Iron Flat Road-Plates.— With a flat 
plate supported on two parallel edges, but not fastened thereto, 
the bending moment exerted by a load placed on it is the same 
as that produced on a beam of the same span similarly loaded. 
When the plate is rivetted along its four edges to the bearings 
the bending moment is much less; but it is not easy to deter- 
mine theoretically. Prof. Rankine* gives the following rules 
for determining this bending moment, which must only be con- 
sidered as approximately correct :— 


“ Let W denote the total load. 
i, the length of the plate, between the supports of its 
ends. 
b, its breadth, between the supports of its side edges. 
M, the greatest bending moment. 


Case I.—Square plate, load uniformly distributed— 
Wb 


M = 16° e e ° ° (1). 
Case I1.--Square plate, laad collected in the centre— 
3 Wb 
M = (a : : (2). 


* Rankine’s Civil Eng., p. 544. 
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Case III.—Oblong plate, load uniformly distributed— 
W 148 
“se 


Case IV.—Oblong plate, load collected in the centre; 7 less 
than 1:19 b— 


M 


3 W l4b 
~S(feoHH 6 8 ) 
Case V.—Oblong plate, load collected in the centre; 2 equal 
to or greater than 1:19 6— 


M = =a. & ; (5), 
being the same as for a plate supported at the side edges only. 

Case VI.-—Circular plate, of the diameter b, supported all 
round the edge, load uniformly distributed— 


M 


M= p= 053 Wb, (6). 
Case VII.—Circular plate, load collected in the centre— 
Wb ae 
M=5- = "159 Wo (7). 


Curved plates rivetted at their edges resemble arches in the 
direction of the curvature ; in the other direction they resemble 
flat plates. 

It is always advisable to have a large margin of strength in 
wrought-iron or steel flooring plates, as in time they suffer con- 
siderable deterioration through rusting. 

330. Buckled Plates.— Buckled plates are the invention of 
Mr. Mallet; they are dish-shaped in form, and have a flat rim 
round the four edges; they may be square or oblong. They are 
formed from ordinary flat plates by blocking them, when hot, 
between a pair of suitable dies. They form a very strong and at 
the same time light roadway. They usually vary between ,*, 
and % inch in thickness, though in special cases they are made 
thicker. Like ordinary flat or curved road-plates, they are 
rivetted to the girders or bearers of the bridge, but unlike 
ordinary bent plates they do not exert any, or very little, out- 
ward thrust when loaded, so that it will not be necessary to tie 
the bearing girders together. The joint where two plates butt 
together should be covered with a tee-bar ; this strengthens the 
plates at their weakest part. 
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831. Strength of Buckled Plates.— A buckled plate rivetted 
down to its bearings all round the edges is twice as strong as the 
same plate merely resting on its supports. The strength of a 
square buckled plate varies directly as its thickness and in- 
versely as its bearing. From experiments made, it was found 
that a buckled plate 3 feet square, made of ordinary Staffordshire 
iron ¢ inch thick, and with a rise at the crown of 12 inches, and 
a fillet of 2 inches wide all round, required 9 tons spread over 
half the area of the crown to cripple it down when it merely 
rested on its edges. When it was rivetted down it required a 
weight of 18 tons to cripple it. A similar plate of puddled steel 
bore 35 tous under similar conditions, but the quality of this steel 
must have been better than that ordinarily used for bridge-work. 

Table C.* gives some useful information about buckled plates. 

332. Patent Troughs and Corrugated Flooring.— The intro- 
duction of trough flooring, both for bridges and warehouses, is 
of comparatively recent origin. Two features of merit possessed 
by this system are—-(1) It produces an even distribution of the 
load on the main girders instead of a series of concentrated loads 
at the points of application of the cross-girders ; (2) It dispenses 
with the necessity of cross-girders and bearers, and its small 
depth gives increased head-room, which, in many cases, is an 
important consideration. Many systems of trough flooring have 
been patented within the last few years, the best known of 
which 

Lindsay's Patent Troughs, 
Westwood ¢ Barllie’s Corrugated Flooring, 
Hobsons Patent Flooring. 

Besides these, other forms, which are not patented, are used a 
great deal. 

333. Lindsay’s Patent Troughs.—Fig. 238 represents a cross- 
section of onc of Lindsay’s troughs; these are made of mild steel 
capable of sustaining an ultimate 
tensile stress of not less than 30 
tons per square inch, with an elon- 
gation of 20 per cent. The main 
advantage of flooring of this kind 
is, that no cross-girders or bearers 
of any kind are required. The 
troughing rests on, and is rivetted Fig. 238. 
to the top or bottom flanges of the _ 
main girder, or to an angle-iron rivetted to the web. 


* Theory of Sirains, by B. B. Stoney. 
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following advantages are claimed by this system in a circular 
issued by the patentees :— 

‘The improvements consist in utilising rolled sections of 
a apy channel steel so that the top table shall be thicker than 
the sides, in order to approach the theory of the girder principle 
as much as possible, by which means the metal is taken away 
from the web and added to the flanges, thereby increasing the 
sectional strength of the trough, and producing a greater moment 
of resistance over a floor which is composed of an uniform thick- 
ness of plate, without increasing the weight of steel to the square 
foot of area to be covered. 

‘The cost of manufacture is reduced to a minimum by rivet- 
ting the trade rolled-sections together with a single row of rivets, 
at such a point in the section where the strain is almost neutral. 

‘“ The strength of the decking, when rivetted together, is con- 
tiderable. Each trough may be treated as a girder, but then 
each girder is connected to its fellow ; thus, when the weight is 
applied, say on one trough, it cannot deflect without dragging on 
the adjoining troughs for some distance from the point of weight. 
All the sections from O to D have been carefully designed and 
investigated.” 

The student will not have much difficulty in determining the 
strengths of the different sections of this flooring. Take the 
case of section D for example; here the effective flange area, 
which includes part of the web, is 9:36 square inches ; the effec- 
tive depth is 10 inches; and, taking the working stress on the 
steel as 7 tons per square inch, we get the safe working moment 
of resistance = 7 x 9:36 x 10 = 655°2 inch-tons. 

The moments of resistance of the other sections may be found 
in the same way, and are given in conjunction with the sections 
in the table. By equating these expressions to the bending 
moments, the safe working loads that the different sections of 
troughing will carry may be found for different spans. 

Take the case of a single line of railway; the span of the 
trough for this will be about 16 feet. If the distance apart of 
each pair of wheels of a locomotive be 6 feet 6 inches, then for a 
trough of the maximum section C, there will be iam 3°9 troughs 
to support the load on a pair of wheels. This section, as will be 
seen by referring to the table, has a safe moment of resistance of 
203°6 inch-tons ; hence, 203-6 x 3-90 = 794-07 inch-tons, which 
represents the safe moment of resistance of the troughing which 
supports a pair of wheels. 

If W = weight on each wheel, then (see fig. 239) 66 W =794-07 
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= bending moment on the flooring which supports a pair of 
wheels; the span being 16 feet. 


TABLE CI.—Linpsay’s Sree, Troveus. 
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From this equation we get W=12 tons, the weight on each 
wheel, The weight on each driving wheel of a locomotive does 
not, as a rule, exceed 7°D or 8 tons, and if 


the proportionate dead weight of the floor- 
ing be taken at 2 tons, there will be a total it 
weight of 9 tons at cach point, from which Bee pee 


it will be seen that the section gives a con- Fig. 230, 
siderable margin of strength. 

When the main girders are from 14 to 15 feet apart, the B 
maximum section is sufficiently strong for the above loads. If, 
as before, 6 feet 6 inches be taken for the wheel base, we get 
78 
16 

:113-34 x 4:875 = 55253 inch-tons. Supposing the main girders 
to be 14 feet apart, there is a leverage of 54 inches between the 


4:875 troughs, the safe moment of resistance of which 
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load and the bearing; hence the safe load on each wheel = 
552°53 

54 

It will be noticed in the above calculations, that it is assumed 
that not only the particular trough immediately underneath the 
load, but also those contiguous to it, do their full share of work 
in assisting to support the load, that in effect each trough is 
strained to the same extent. This in theory, perliaps, may be 
correct, but whether it is so actually is doubtful ; it is more 
likely that the trough immediately underneath the load is 
exposed to greater stresses than those near it, but as to how 
much the stresses differ, can only be determined by actual 
experiment. It will be well, therefore, to allow a somewhat 
greater margin of safety than that above indicated, more 
especially as the working stress of 7 tons is rather high. When 
the floor of a bridge is uniformly loaded, this unequal straining 
does not occur. 


Distributed Load— 


Let /= span in inches, 
R= resistance of section of one trough. 
W =distributed load on each trough, in tons. 


Then W = ae 


For example, find the safe distributed load which the maxi- 
mum section B will sustain for a span of 15 feet. 


R= 113°34, {= 180 inches. 
8 x 113-34 


= 10-23 tons, an excess over what is required, viz., 9:5 tons, 





WwW amas Fda = 5-04 tons. 
A floor made of this section of troughing, with a span of 15 
5:04 x 2240 


fect, will carry with safety = 564-5 lbs. per square 


133 « 15 
foot of surface. 

The section D maximum has been designed by the patentees 
to carry with safety a double linc of railway between two main 
girders. Its weight per square foot of area covered is 34°83 lbs, 
and its safe sectional resistance 655-2 inch-tons. 

The weight coming on a pair of wheels of tho locomotive may 
be taken to be spread over 24 troughs, whose moment of resist- 
ance = 655°2 x 2:5 = 1638 inch-tons. 

By referring to fig. 239, it will be seen that the centre of 
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gravity of each pair of driving wheels from the adjacent girder 
is 7 fect 6 inches. If two engines, one on each line, rest on the 
bridge side by side, and if W =load on each pair of wheels, then 

Wat = 18-2 tons, which is equivalent to about 9 tons on 
each wheel ; this, of course, must include the proportionate dead 
weight of the floor as well. 

- Messrs. Lindsay & Co. recommend this section for road bridges 
of 30 and 30 feet span without the use of main girders, the 
troughing resting on each abutment, but a light parapet of 
corrugated or plate iron will be required. 


CHAPTER XXVI. 


BRIDGES—-continued. 


SUSPENSION BRIDGES. 


834. Definition. —A saspension bridge is one in which the platform 
is suspended from chains, which pass over towers erected on the 
piers and abutments, and the ends of which are anchored to the 
‘ ground, 

When a flexible chain of uniform weight per unit of length is 
suspended at both ends, and allowed to hang freely, it assumes 
a curve which is known as the caicnary. In uniformly loaded 
suspension bridges, the load is uniformly distributed with refer- 
ence to a horizontal line, and the curve which a chain thus 
loaded assumes is a parabola. 

In the simplest form of suspension bridge, the platform is 
hung from the chain by a series of vertical rods placed at equal 
distances from each other. The load may then be treated as 
hanging directly from each point in the chain where the 
suspending rods are attached. If the loads be all equal to each 
other, the form the chain will assume will be, as already stated, 
8 parabolic curve. If the loads be different the chain will 
assume an irregular curve, the form of which may be easily 
found by the following graphical method :— 

Take tho vertical line A H (fig. 240), drawn to scale, to repre. 
sent the total load suspended from the chain shown in fig. 241. 
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Set off A B, BC, C D, - - - GH, to represent the loads suspended 
from each point of the chain in succession, reckoning from left 
to right. Let AO,, HO, represent the vertical components of 
the loads coming on the points of suspension a and 6, which can 
be readily found by the principle of moments. Draw the hori- 
zontal line O, O to represent the horizontal component of the 
tension which it is desired to place on the chain; this line will 
represent the actual tension on that point of the chain, the 
tangent to which is horizontal. 
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Fig. 240. Fig. 241. 


By joining O A, OB, OO, - - - OH, these lines will represent, 
both in direction and magnitude, the tensile forces acting on 
each portion of the chain taken in succession. In fig. 241, a@ and 
bare the points from which the chain is suspended, the vertical 
lines in the figure representing the positions of the loads. 
Draw ax parallel to O A, xx, parallel to OB, and so on. The 
curve so formed will represent the form the chain will assume 
under the conditions above specified. 

If, instead of assuming a certain horizontal tension on the 
chain and then finding from this the form it assumes, we have 
given the maximum dip or versine, then the horizontal component 
of the tension may be found. For if w,, w,, w,,- - - represent 
the vertical loads at the various points distant, x,, w», a. drc., from 
one of the points of suspension ; then, approximately, 


Swe 


Bees ee CY 





Where Sy = horizontal component of the tension at any point, 
d = versine of the chain. 


If the form assumed by a chain be given, and it be required 
to determine the loads acting at the different points which will 
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produce this form, the problem will be the converse of that 
already given, and may be solved thus— 

From the point O, fig. 240, draw a series of lines parallel to 
the different segments of the chain and meeting a vertical line 
AH, taken at any convenient distance from O, at the points 
A, B,C, - -- H. The vertical loads required to keep a chain 
of such a form in equilibrium will be proportional to the lines 
AB, BC,CD,---GI. 

When a uniform load is distributed along the roadway of a 
bridge, the main chains will form a parabolic curve. When a 
moving load passes over the bridge the curve which the chains 
assume changes with each position of the load, if the bridge be 
not stiffened. 

In fig. 242, if half the span ac be supposed to be covered with 
a uniform load, while the other half has no load whatever, the 
curve of equilibrium for the left half, adc, would be a parabola, 
and that for the right half a straight line cb, and the chain 
theoretically would assume the form adc 6. 

It is unnecessary to say that in practice chains never assume 
the form of straight lines, and in the case under consideration 
the actual curve of the chain would be very different to that 
mentioned on account of the dead weight of the bridge and the 
stiffness produced by the bracing. 


ne eee 
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Fig. 242. Fig. 243. 


835. Chain Uniformly Loaded.—The chain aQObd (fig. 243), 
suspended at the points @ and 6, is supposed to be uniformly 
loaded. 

Let / = span, 
b = versine or depth, 
w= uniform load per unit of span. 


Let S, =stress at O, the apex of the parabola. 
S,=stress at a point A, whose horizontal distance from 


O is a. 
§=angle which the tangent at A makes with the hori- 
zontal ; 
, wht 
then So ie ee r) * e (2). 


8d 
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AC is the tangent at A, meeting the tangent at O at the 
point C. BC is the horizontal component of the tension at A, 


: w 

and remains unaltered for all points on the curve, being= 47 : 
AB is the vertical component of the tension at A; this iS 

equal to the sum of the loads between A and O; or the vertical 

component of stress at A 


=A B=wz. : (3). 
The direct tension at A= AC, or 
S,=AC=BC sec =8, secd . ; (4). 


Also A C= ,/(BC)?+ (A B)?. 


Substituting, we get— 


S,= (35) 4+ (2 x)? ; : (5). 


836. Method of Attaching the Main Chains to the Piers.— 
Fig. 244 represents a suspension bridge of one span. acb is 
called the main or central chain, ad and Oc are the side or 
counter chains, a A and 6 B are the towers or piers. The chain 
passes over the piers, and is anchored to the ground at d and ¢. 





Fig. 244. 


There are two methods by which the chains may be carried 
over the towers :— 

(1) The main and counter chains may be in one continuous 
length, and pass over pulleys fixed to the tops of the piers. 

(2) The main and counter chains may be independent chains, 
the ends of each being fastened to the top of the tower. 

The stresses on the counter chains and the pressures on the 
piers ety different according to which of these arrangements is 
adopted. 

Hirst Case.—When the chain passes over pulleys fixed on the 
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piers, the tensions on the chains at each side of the pier will be 
the same, whether their angles of inclination be the same or not. 
When the angles of inclination are the sane, the external pres- 
sure on the pier will be vertical. If the angles of inclination be 
not equal there will be a horizontal component to the pressure 
on the pier tending to turn it over in the direction of the chain 
whose angle of inclination to the horizontal is least. The 
amount and direction of the pressure on the pier may be repre- 
sented both graphically and analytically thus— 

Graphic Solution.—Draw the tangent aa, to the centre chain 
at the point a, making a a, = tension on the chain at this point, 
as found by the method already explained. Produce da to a, 
making aa@,=aa,; aa, will then represent, both in magnitude 
and direction, the tensile stress on the counter-chain. Complete 
the parallelogram aa,agza,. The diagonal aa, will represent, 
both in magnitude and direction, the pressure on the tower. By 


drawing the horizontal line a, ay meeting the vertical through 
aat a, we get— 


a., @,= horizontal component of the pressure on the pier. 


a, @ = vertical 55 35 


When this arrangement is adopted, sufficient stability should 
be given to the pier to resist the turning moment. 
Analytical Solution— 


Let 7 = angle of inclination to the horizontal of both chains, 
T = tension on the chains, 
R= vertical pressure on the pier, 


R=2T sine . : (6). 
Now as T=Sog sec i, by substitution, we get— 
R=25, tan z=wl. 


That is, the vertical pressure on each pier is equal to twice the 
weight of the portion of the bridge between the pier and the 
lowest point of the curve. 

Second Case.— When the ends of the centre chain and counter 
chain are fastened to the pier, or to a saddle free to slide 
horizontally on the pier, the resultant pressure on the pier 
will always be vertical, no matter what the inclinations of the 
chains. The tension on both chains will be the same when their 
angles of inclination are the same, but will be diferent when the 


angles vary, though the horizontal components of the tensions 
will be the same. 
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Produce the tangent at b to 5, (fig. 244), making b b, = stress on 
the main chain at 6. Through 6, draw 8, b, parallel to 6 e¢, 
meeting the vertical through 6 at the point b,; then 


6, 6, = tension on the counter chain, 
6 b, = pressure on the pier. 


Let 8, = horizontal component of tension on each chain, 
S, =actual tension on centre chain at 6, 


So= 5; = counter chain ,, 
a=angle of inclination of centre chain at 6, 
= 4 3 counter chain ,, 
S,=So sec 7. ‘ ; ; (7). 
ae = So sec 1. ry a e (8). 


R=S, sinz+S8, sin 2,=S, (tan 2+ tan 4), 
where R= vertical pressure on the pier. 


337 Stresses on Suspending Rods.—If there be n equal spaces 
made by the suspending rods, then 


wl 
Tension on each rod= Sima) ° . (9). 
where w= distributed load per unit of length, 


[= span. 


$38. Suspension Bridge with Sloping Rods, Dredge’s System.— 
Fig. 245 represents a suspension bridge, the platform of which is 
hung from the main chains by means of parallel sloping rods 
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Fig. 245. Fig. 246. 


making an angle, y, with the vertical, The curve formed by the 
chain in the case of uniform loading, consists of two parabolas 
with a common vertex, c, which have their axes parallel to the 
respective systems of suspending rods. 

The principal difference between bridges of this class and 
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those with vertical suspension rods, is that with the latter the 
platform is not exposed to any longitudinal stresses arising from 
the vertical load, while with inclined suspension rods a series of 
longitudinal stresses are developed, which vary in intensity in 
different parts of the platform. 


= length of each bay of platform, 
w = load per unit of length ; 
Then wa = weight suspended from the end of each rod. 


Tensile stress on each rod is 
t=wasecy . ; : (10). 
Horizontal component of stress on each rod is 
ésin y = watan y. : ; (11). 


This will represent the increment of stress developed in the 
horizontal member at its junction with each suspending rod. 
Tension on chain at ¢ is 


w I? 
T = gq 7'siny.- : : (12). 
Tension at any other point is | 
T, = wax cosec 6. ; (13). 


x being the distance from the mid-span to the bottom of the 
sloping rod at the top of which T, is taken; and ¢ the angle 
which the tangent, to the chain at the particular point makes 
with the horizontal. 

Graphic Solution.—The tensions at the different parts of the 
chain can be most readily obtained by the graphic method. 

Let the horizontal line O O,, fig. 246, be drawn to represent 
the stress at c. Through O, draw a line parallel to the sus- 
pending rods, and on it set off the distances O, 2), %, %, %Xy Ue., 
to represent the stresses on the rods ee,, //,, 99), &c., respectively. 
Join Ox,, Oa, Ox, &c. These lines will represent the stresses 
on the chain at the points e, f, g, dc. 

339. Stresses on the Horizontal Member.—The stresses on the 
horizontal member or platform may be either compressive or 
tensile, according to the manner in which it is fixed. If the 
platform be fixed to the piers at A and B, the stresses will be 
compressive throughout, being a minimum at the centre and a 
maximum at the ends next the piers. If the horizontal member 
be free to move at the ends next the piers, it will be exposed to 

29 
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tensile stresses throughout, they being a maximum at the centre 
and a minimum next the piers. 
In the former case 


Sin = +ésin 7. . «w » (C14); 
Saaz tnmtsiny  . : . (15), 


2 being the number of suspension rods between the centre and 
the end. 
In the latter case 


Son= —nmésiny  . ; . (16), 
S mna= —f sin y. ; . (17). 


Graphic Solution.—The stresses on the members of a suspension 
bridge of this form may be readily determined by the aid of a 
stress diagram. Fig. 247 
represents a suspension 
bridge in which the bot- 
tom horizontal member is 
not attached to the piers, 
and consequently is in 

Fig. 247. tension. Draw the ver- 
tical line Y X, fig. 248, to 
represent the total weight suspended from one chain, or one-half 








Pig. 248. Fig. 249. 


the total weight on the bridge. Set off Y P, PO, ON, &eo., to 
represent the weights resting at the ends of the suspension rods, 
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proceeding from right to left. Draw YE and XD parallel to 
the suspending rods at the right- and left-hand portion of the 
bridge. Draw the horizontal lines P H, OG, N F, &c., meeting 
these lines at H, G, F, bc. These horizontal lines will represent 
the tensile stresses on the different bays of the horizontal 
member. The lines YH, HG, &c, and X A, AB, &c, will 
represent the stresses on the inclined suspension rods. 

If the horizontal tension at the centre of the chain be known, 
draw the horizontal line O, O, to represent it, join O, Y, O, H, 
O, G, &c.; these lines will be parallel to the different links of 
the chain, and will represent the stresses on them. If the 
horizontal tension at the centre of the chain be not known, 
draw YO,, XO, parallel to the end links, and, as before, the 
lines radiating from O, will represent the stresses on the different 
links, the line O, O, representing the horizontal component of 
these tensions. 

If the horizontal member be attached to the piers so as to bo 
in compression, the stress diagram will be that shown in fig. 249. 

340. Practical Details of Suspension Bridges.— Main Chains. — 
The chains of suspension bridges are usually made of links of 
wrought iron or steel, or they may be made of wrought-iron or 
steel wire cables. When made of links, the latter are usually 
flat, with eyes formed at the ends, and are connected together 
by means of pins passing through the eyes. The best proportion 
to give to the eyes and pins is a very important question, and 
has been fully discussed in Chapter XXI. The strength of the 
chain may be varied at the different parts of its length so as to 
be in proportion to the stresses coming on it, by altering the 
number or the section of the links, or both. There must be at 
least two chains or cables to each bridge, one to support each 
side of the roadway. Large bridges may have more. In the 
Menai suspension bridge there are sixteen chains in four sets of 
four. 

Professor Rankine * gives the following formule to show how 
both the absolute and comparative weights of chains of uniform 
section and strength may be determined, and these are sufficiently 
correct for practical purposes :— 

‘Let 2 be the half-span of tle chain; y its depression, both 

in feet ; the ordinary proportions of « to y range from 
44:1 to 74:1. 

Let C be the weight of a chain of the length a, and of a cross- 
section sufficient to bear safely the greatest working 
horizontal tension H. 

* Cwil Engineering, p. 573. 
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O', the weight of a halfspan of the chain of uniform 
section. 

C", the weight of a half-span of the chain of uniform 
strength ; then— 


8 y" 

=. (145%) nearly .  . (18) 
: 47 

C = C e (2 +t a e ry a (19). 


The error of the first formula is in excess, and does not exceed 
1-3000th part in any case of common occurrence in practice. 

The value of C, in the above formula, may be taken as 
follows :— 

For wire cables of the best kind— 


Hz 


For eable-iron links— 
Hz 
C = 3000? . ; ° ° (21). 


it being understood that the last formula gives the net weight 
only ; in other words, the weight exclusive of the additional 
material in the eyes and pins by which the links are connected 
together. 

About one-eighth may be added to the net weight of the chains 
for eyes and fastenings.” 

When each cable is composed of two sets of chains, one over 
the other in the same vertical plane, the suspension rods should 
be arranged in such a manner that each chain receives half the 
weight. This may be arranged in a variety of ways. By one 
method the suspension-rods may be attached to each chain alter- 
nately ; a better plan, however, is to attach each rod to both 
chains. 

The suspension-rods should be designed so that they may be 
lengthened or shortened in order that the requisite camber may 
be given to the roadway. This may easily be done by means of 
a screw and nut on the bottom ends, or the rods may be made in 
two lengths and connected together by a coupling with a right- 
and left-hand screw. The ands of the suspension rods may be 
attached to the cross-girders of the bridge ; the distance apart of 
these latter vary according to circumstances, and usually range 
between 5 and 10 feet. 
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When the cables are made of iron or steel wire ropes they are 
of the same section throughout their length, and must be strong 
enough to resist the maximum stress coming on them, which is 
at the piers; there is, consequently, a waste of material in 
cables of this description. 

The iron wire used in the Niagara and Cincinnati suspension 
bridges had a strength of 444 tons per square inch. Good steel 
wire has a strength of from 50 to 60 tons per square inch. 

Three or four thousand wires may be used in one cable, and it 
is important that it be so made that the stress on each wire be 
practically the same. It is not necessary, in order to insure 
this, that the wires should be parallel. From experiments made 
it appears that cables spun with machines which lay the wire 
helically, but does not twist them, is as strong as those made of 
straight wires. The interstices between the wires should be 
filled with a bituminous compound. 

341. Advantages of Suspension Bridges.—Suspension bridges 
have many advantages and many drawbacks. The principal 
advantage, when the nature of the ground is favourable, is their 
cheapness. 

The late Prof. Jenkin remarks *:— A man might cross a 
chasm of 100 feet hanging to a steel wire 0°21 inch in diameter, 
dipping 10 feet; the weight of the wire would be 12°75 lbs. A 
wrought-iron beam of rectangular section, three times as deep as 
it is broad, would have to be about 27 inches deep and 9 inches 
broad to carry him and ts own weight. It would weigh 87,500 
lbs. . . . The enormous difference would not exist if the 
beam and wire had only to carry the man, although, even then, 
there would be a great difference in favour of the wire ; the main 
difference arises from the fact that the bridge has to carry tts 
own weight, The chief merit of the suspension briage does not, 
therefore, come into play until the weight of the rope or beam 
is considerable when compared with the platform or rolling load; 
for although the chain will, for any given load, be lighter than 
the beam, the saving in this respect will, for small spans, be 
more than compensated by the expense of the anchorages. In 
large spans the advantage of the suspension bridge is so great 
that we find bridges on this principle of 800 or 900 feet span 
constructed at much less cost per foot run than girder-bridges of 
half the span.” 

342, Disadvantages of Suspension Bridges—There are many 
disadvantages attending these bridges, the principal being want 
of rigidity, both in a vertical and a lateral direction. This want 

* Bneyclopedia Britanniea, vol. iv., p. 304. 
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of rigidity renders them unsuitable for the passage of heavy 
rolling loads, such as railway trains, unless special and elaborate 
means be taken for stiffening them. ‘In an ordinary suspension 
bridge with vertical suspension rods, when a heavy load passes 
over it, a very sensible deformation of the structure takes place; 
and when the load passes at a considerable velocity, the stresses 
produced are much greater than with a statical load of the same 
amount. It has been found from experience that a regiment of 
soldiers passing over in step produce oscillations and stresses 
which in more than one instance have caused the collapse of the 
structure. 

A bridge with inclined suspension rods (Dredge’s system) is 
much stiffer vertically than one in which the rods are vertical. 

Oscillations in a lateral direction are produced by the action 
of the wind, and this alone has in some cases caused the collapse 
of the bridge. Wind-pressure may also lift the bridge vertically 
by acting underneath the platform. 

343. Stiffening Suspension Bridges.—The latcral oscillations 
may be retarded, or altogether checked, by efficiently bracing 
the platform with horizontal diagonal bracing bars. Another 
method is to attach ties to different parts of the platform at 
both sides of the bridge, and anchor them to the banks of the 
river or ravine. These stays may also be used to prevent 
vertical oscillations. For the latter purpose, instead of being 
anchored to the ground they may be attached to the piers, in 
which case they resemble “ guy ropes.” 

A very good method of stiffening, when the bridge is liable to 
heavy rolling loads, is to introduce into the structure a pair of 
light lattice girders, which, in addition to stiffening the bridge, 
act the par: of side parapets or screens. These girders may be 
hung from the main chains by means of the vertical suspending 
rods, and the cross-beams of the bridge may be attached to their 
bottom flanges. The ends-of these girders should be securely 
fastened down to the piers to prevent their being lifted by the 
action of the passing load. Prof. Rankine says * “In order to 
enable it to act with the greatest efficiency, it should be hinged 
at the middle of the span, which may be effected by making it 
in two halves, connected together by means of a cylindrical pin 
of dimensions sufficient to bear the shearing stress, which will 
presently be stated. The object of this is to annul the strainia 
action which would otherwise arise from the deflection an 
expansion of the chain. 

“This precaution having been observed, the greatest bending 

* Rankine’s Civil Hng., p. 579. 
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action on the auxiliary girder will be that due to half the rolling 
load, upon a girder of one-half of the span of the chain; and the 
greatest shearing action, which will take place at the central pin, 
and at each point of support, will be equal to one-eighth of the 
rolling load over the whole span. That is to say, in symbols— 


“Let w’ be the greatest rolling load per unit of span ; 
x, the half-span ; 
M, the moment of the greatest bending action on the 
auxiliary girder ; 
F, the greatest shearing force; then 


w x? 
aT : : (22). 
i ae (23). 


‘ach half of the auxiliary girder is accordingly to be designed 
as if for a girder of the span a, under an uniformly distributed 
load of the intensity w'+2; regard being had to the fact that 
such load acts alternately upwards and downwards, so that each 
piece of the girder must be capable of acting alternately as a 
strut and as a tie, under equal and opposite stresses. 

“If the girder is not hinged, but continuous, at the middle of 
the span, it should be made capable of bearing a bending action 
whose moment is — 


y a, 

14 ° 
Another method of stiffening vertically may be adopted when 

there are two sets of chains at each side of the bridge, one above 


M = (24). 





Fig. 250, 


the other, by bracing the chains together with diagonal bars 
(see fig. 250). Raukine says*—‘ In order that the two chains 
may be affected alike by the expansive action of heat, their 
curvatures should be equal; in other words, their vertical. distance 


* Ciril Bng., p. 880. 
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apart should be the same throughout the whole span. If that 
vertical distance be made equal to half the depression of each 
chain, no additional material will be required in the chains 
beyond what is necessary to support a travelling load over the 
whole span. The diagonal braces should be capable of acting as 
struts and ties alternately, under stresses computed as for an 
auxiliary girder. Material would be saved by this mode of 
stiffening, as compared with the auxiliary girder; but it would 
probably be less efficient and durable, as the alteration of the 
curvature of the chains by heat and cold would tend to strain 
and loosen the joints of the braces.” 

Unless the cables made of iron or steel wire are properly 
cleaned and painted, they are liable to oxidation, and their life is 
precarious. The ordinary kinds of paint used for wood or iron 
are quite unsuitable for wire cables, and instead of preserving 
them, they very often hasten their decay. Owing to the con- 
tractions or expansions of the metal, or to variations in the 
curvature of the cable, the paint gets cracked and water finds its 
way into the interior of the cable through the interstices and 
is kept there by the coating of paint. The best substance for 
coating cables is coal tar, or some substance capable of becoming 
liquid in hot weather, and thereby adapting itself more readily 
to the expansion of the cables. 


CHAPTER XXVIII 
BRIDGES—continued. 
MovaBLE BRIDGES. 


344, Definition.—Movable bridges are, as their name implies, 
those that are capable of being changed in position. They 
usually span canals, rivers, or the entrances to docks, and are 
designed for the purpose of allowing a clear opening or increased 
headway for the passage of vessels. 

As regards the nature of the stresses coming upon them, there 
is nothing different to what has already been explained; the 
cantilever principle is more general among thei than in ordinary 
fixed bridges. | 

345. Different Kinds of Movable Bridges.—There are various 
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kinds of movements in movable bridges, but the latter may 
all be classed under the following five different heads :— 

1. Those which turn round one or two horizontal axes, and 
which are termed draw-bridges or bascules ; 

2. Those that turn round one or two vertical axes, and which 
are termed swing-bridges ; 

3. Those that roll backwards and forwards horizontally, and 
which are known as traversing-bridges ; 

4. Those that lift vertically, or lift-bridges ; 

5. Those that float in the water, or pontoon-bridges. 

346. Bascules.—The oldest form of movable bridge was the 
ordinary draw-bridge, which swung in a vertical direction round 
an axis or pivot at one end. It was constructed of timber, and 
was generally employed to span a moat round a castle. The 
opening and closing was effected by means of chains attached to 
the free end ; these chains passed over pulleys and had counter- 
balance weights attached to their extremities. A better arrange- 
ment is to use a toothed sector in which a pinion works. 

When bridges of this kind are made of iron, they are con- 
structed with counterpoised tail-ends so as to diminish the power 
required to open them. For large spans the bridge may consist 
of two pieces, one attached to each abutment. Bridges of this 
latter class, when made of iron, may be conveniently constructed 
with the bottom member in the form of an arch; when closed, 
the extremities of each half-arch will abut against each other, and 
the whole will form an arehed bridge. 

347. Swing-Bridges.—This is the most important division of 
movable bridges; by far the largest number belonging to this 
class. 

Swing-bridges may either be single or double. Single bridges 
cross only one opening, and consist of a long arm and a short 
one ; the long arm spanning the waterway, and the short one 
acting as a counterpoise. In double swings there is a pier in the 
centre of the waterway, and the two arms bridge the two channels 
thus formed. The pier may either be of masonry or iron, and 
its diameter should at least be equal to the width of the bridge. 
On the top of the pier is laid a circular bearing plate usually 
made of cast iron. A plate of the same diameter is fixed under- 
neath the bridge, immediately over the former, and a number of 
turned conical rollers made of iron or, preferably, of steel, are 
placed between the surfaces. There is also a central pivot, made 
of steel, attached to the bridge, which fits into a steel socket 
fixed to the pier; the motion takes place round this pivot, and 
is produced by means of a pinion working in a circular toothed 
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rack by the aid of suitable gearing. The motive power may be 
manual labour, or, in the case of large bridges, hydraulic power. 
The rack may either be fixed to the pier or the platform of the 
bridge. The surfaces in contact with the wheels must be truly 
planed, and the wheels themselves turned in order to diminish 
friction as much as possible. In the case of a single swing, the 
arrangement is precisely the same as that described, except that 
the turntable is fixed on the abutment, and the bridge has a 
short arm or tail piece which is loaded with ballast in order to 
counterbalance the weight of the long arm. 

The full sdvantages of swing-bridges are only obtained when 
two passages are crossed; in such cases there is no necessity for 
counterpoises, and, moreover, the effect of the wind on the 
structure is neutralised, as it acts with the same force on both 
arins. Ina single swing-bridge the short arm and counterpoise 
are so much useless material, except so far as giving balance to 
the structure, and it is evident that the wind will produce a 
much greater effect on the long than on the short arm, which 
may materially interfere with the opening or closing. 

348, Classification of Swing-Bridges.—Mr. J. Price* classifies 
swing-bridges according to the method by which the weight of 
the structure is borne while the bridge is being swung. 

His classification is as follows :— 

a.) Those which turn entirely on rollers or wheels. 

e Those where the weight is proportioned, so as in part to 
be borne by rollers and in part on a centre pivot. 

(c.) Those entirely swung on a centre pivot. 

(d.) Those which are litted on a water centre by hydraulic 

ower. 

(e.) Those that rest and turn on a water centre, having a 
constant upward pressure, but not sufficient to lift the whole 
weight. 

(7) Floating swings, where the weight is almost entirely 
buoyed up, having only a small portion on a centre pivot or 
rollers. 

The diameter of the rollers varies considerably in different 
bridges. In the swing-bridge at Athlone, over the river Shannon, 
they are only 8 inches, while in the bridge over the passage 
connecting the east and west floats at Birkenhead the rollers are 
5 feet in diameter, being the largest in use under any bridge. 
Smaller rollers or those from 2 to 3 feet are preferable ; when 
Jarge they frequently break. 

Yor large swing-bridges, it is, as a rule, the best arrangement 

* Proc, Inst. C.E., vol. 87. 
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to have the weight partly borne by rollers and partly by the 
central pivot. Large American bridges are nearly all constructed 
on this principle. 

Bridges under the division (c), turn entirely on a long centre 
pivot of a conical form, and of late years they have become 
very common in Holland. 

Bridges under the division (2) are most applicable to single 
swings ; they may be lifted on the water-centre by means of a 
small hydraulic pump. They are arranged so that one arm of 
the bridge is slightly heavier than the other, the wheels at ono 
end will then come in contact with the roller plate. When the 
tail end is the heavier, the rollers bear downwards; and when 
the other end is the heavier, the rollers bear upwards against an 
inverted roller path. Several English bridges at dock entrances 
are arranged on this principle. 

' An obvious advantage possessed by using lattice-girders for 
swing-bridges is that they do not offer much obstruction to the 
action of the wind. 

349. Traversing-Bridges.—-Traversing-bridges are those which 
are arranged to roll backwards and forwards like a gangway. 

350. Lifting-Bridges. —- Lifting-bridges are suspended by the 
four corners, or the ends of the two main girders, by means of 
chains which pass over pulleys. The pulleys are attached to 
four standards usually made of iron. To the ends of the chains 
are attached counterpoise weights which fit inside the standards. 
The lifting is usually done by rack and pinion motion worked by 
manual labour, though for large bridges, hydraulic motive power 
is preferable. 

351. Pontoon - Bridges. — Pontoon-bridges rest on floating 
caissons or pontcons, and are opened and closed by chains and 
windlasses. Scveral bridges of this class cross the Rhine. 


CHAPTER XXVITIII. 
BRIDGES—continucd, 
Weriaut or Bripcaxs. 
$52. Importance of knowing the Weight of a Bridge approxi- 


mately before making the Design. —-In designing bridges, one of 
the first essentials is to know the loads, both live and dead, com- 
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ing upon them. As a rule, these are all fixed beforehand, except 
the dead weight of the iron-work of the superstructure, and this 
weight has, in the first instance, to be assumed. The stresses on 
the various portions are then calculated, and the sections fixed 
with this assumed weight. The weight of the iron-work is then 
determined, and if this weight differ much from the assumed 
weight, it must be used in making a fresh calculation of the 
stresses, and in fixing corrected sections. The new weight of the 
iron-work is then found, and if this differ materially from the 
first calculated weight, the operation has to be repeated and a 
fresh adjustment of sections made uutil a sufficient degree of 
accuracy be obtained. Generally speaking, one or two such 
operations only will be sufficient, unless a great degree of nicety 
be desired. Any information which will enable the engineer to 
fix approximately the weight of the bridge before making any 
calculation is of value, as it helps to diminish an amount of 
Jaborious calculations. 

In order to attain this object, formule have been given which 
apply to bridges of certain types and of given spans and widths, 
and carrying certain loads. For those who wish to study the 
subject exhaustively, a great deal of valuable information will be 
found in a paper written by Max. am Ende.* 

353, Weight of Girders under 200 feet Span.— Mr. Stoney gives 
the following rule for determining the weight of girders of 
ordinary proportions under 200 feet in length :— 


Let W = the total distributed load in tons, including the 
weight of the girder, 


t = the length in feet, 
d = the depth in feet, 
jf = the working stress in tons per square foot of gross 
section, 
G = the weight of the main girder and end pillars in 
tons, 
W I? 
Ge= wre” ; » (I). 
If W, = load on the girder in tons, we get— 
W = W,+G. 
Substituting this in (1) and reducing, we get-— 
WP 
St ss, hic 
G 12 fd = (2° 6 e e ® (2). 


* Pro. Inat. of C, E., vol. Ixiv., p. 243, 
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By means of this equation we can determine the weight of the 
girder when the distributed load on it is known. 

Example 1.—What is the weight of a wrought-iron girder 150 
feet long and 15 feet deep, to carry a distributed load of 250 tons, 
the metal in the flanges with this load being exposed to a stress 
of 4 tons per square inch 3 

Here we have 


W,=250 tons, 7=150 feet, d=15 feet, f=4x 144=576 tons. 


= 250 x (150)? 2 pie 
= TEx B76 x 15 — (Toye ~ 89? tons. 
Example 2.—Tf, in the last example, the girder be steel and 
strained to 7 tons per square inch, determine its weight. 
In this case 


J = 7x 144 = 1008 tons. 
Substituting in equation (2), we get— 


250 x (150)2 


Pie oe (ct RT . 
Fx 1008 x 15— (150 = °°* tons 


G = 

From this it is seen that the steel girder is only about half as 
heavy as the iron one. 

854. Weight of Railway Bridges under 200 Feet Span.—Mr. 
Anderson has given the following rule for determining the 
approximate weight of railway bridges under 200 feet in length, 
the depth being ,'; of the length, and the working stresses 5 tons 
per square inch in tension, and 4 tons in compression :— 


Let W = total distributed load on the bridge in tons. 
w = the weight of the main girders, end pillars, and 
cross-bracing in lbs. per running foot. 


w=4W. . . (3). 


355. Long-Span Railway-Bridges.—Sir B. Baker * applies the 
term long-span railway-bridges to all those of 300 feet span 
and upwards. He refers all bridges of this class to the following 
types either taken singly or in combination :— 

1, Box-plate girders, including tubular bridges. 
2. Lattice a * Warren truss, dec. 
3. Bowstring _,, 5 Saltash type. 

4. Straight links and boom. Bollman truss. 


* « Tong-Span Railway-Bridges” (Baker), 
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5. Cantilever lattice, uniform depth. 
6. 7 » Varying economic depth. 
7. Continuous _,, i. ss 
8 Arched ribs with braced spandrils, 
9. Suspension with lattice stiffening girders. 
10. Suspended girders. 
11. Straight Jink suspension. 


Mr. Baker gives an elaborate series of calculations in order to 
determine the relative economy of these different types. He 
also shows how to find the weight of the iron or steel for different 
spans in terms of the uscful load, as well as the absolute weights. 

His conclusions are based on the assumption that 4 tons to the 
square inch represents the working load for wrought iron and 
6°5 tons that for steel. 

Summarising his results, Mr. Baker finds “that the span of 
300 feet, type 11—the straight-link suspension bridge—obtains 
an advantage of some 20 per cent. over any other system, and 
that it maintains a certain advantage of diminishing value up to 
700 feet span, when it has to resign the lead to type 7—the 
continuous girder of varying depth—which type maintains a 
rapidly increasing advantage over all others up to the limiting 
spun. These two forms of construction, then, within their own 
proper spheres, appear to be the most cconomical possible, as 
regards the superstructure of the main span. It is obviously 
quite possible that in many instances anchorage could not be 
obtained for the suspension bridge, except at a cost which would 
render even our heaviest type—the box girder—a more econo- 
mical form of construction. 

‘The system ranking second in the scale of economy is type 6, 
the cantilever lattice girder of varying depth, which maintains 
its relative position throughout, unaffected by the specific length 
ofthe span. Types 9 and 10, the suspension with stiffening girder, 
and the suspended girder, succeed the last-named one. Although 
palpably different both in principle and appearance, the respective 
weights are almost identical throughout, being, up to 700 feat 
span, little different to the preceding type. We now come to 
type 5—the cantilever lattice girder of uniform depth—following 
closely on the heels of the last two systems up to 600 feet span, 
when it is superseded by type 8—the arched rib with braced 
spandrils, 

“The independent girders, as might fairly be expected, occupy 
the lowest place on the list, although at 300 feet span type 4— 
the straight-link girder—shows a slight advantage over the arch. 
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. the limits of 400 feet or 500 feet span, the straight link 
is the most economic form of the independent girder; above that 
span the bowstring girder surpasses it. Types 2 and 1—the 
lattice and box girders—conclude the list.” 


CHAPTER XXIX. 
WIND-PRESSURE ON STRUCTURES. 


856. Importance of Wind-Pressure on Structures.— The subject 
of wind-pressure is a very important one in considering the 
design of roofs and bridges of large span, or of bridges which are 
supported on iron piers of great height. A bridge may be cure- 
fully designed to carry vertical loads, but, unless the stresses 
produced by the action of the wind be amply provided for, it 
may be a very faulty structure indeed. A prominent example 
of this was in the first bridge which was constructed over the 
estuary of the Tay, and which was blown down by a gale of wind. 

In some structures the stresses, produced by the wind-pressure 
are as great as, or greater than, those produced by the dead or 
live loads, or even by both combined. 

In the case of the principal members of the Forth Bridge, 
Sir B. Baker has estimated the maximum pressures from the live 
load, dead load, and wind-pressure to be as follows :— 


Stress due to live load, : . 1022 tons. 
Stress due to dead load, . 2282 ,, 
Stress due to wind-pressure, . 2920 _,, 


857. Circumstances which Influence Wind - Pressure. — The 
amount of pressure which the wind exerts on a structure of 
course varies from time to time, both with its velocity and its 
direction ; and the amount and direction of its pressure cannot 
be determined with anything like the precision that exists in 
the case of the vertical loads. In fact, the whole question of wind- 
pressure is in a very unsatisfactory.state, and we can only pretend 
to give information on the subject in a very approximate form. 

As has been explained in Chapter XIX., the force which the 
wind exerts upon a surface is a maximum, when the direction of 
the wind is normal to the surface; and this, the most unfavour- 
able case, must be assumed in calculating the stresses which it 
produces on the different members of a structure. 
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The amount of pressure which the wind exerts on a surface, 
when its direction is normal to it, depends on two things— 


1st. The velocity of the wind ; 
2nd. The shape and character of the surface. 


The velocity of the wind can be measured by means of anemo- 
meters and other methods. In this way it has been ascertained 
to reach as much as 100 miles per hour, though it is doubtful if 
such velocity is ever attained in this country. 

358. Relationship between the Velocity and Pressure of the 
Wind.—The pressure of the wind on a plane surface has a cer- 
tain definite relationship to its velocity. Most authorities seem 
to agree that the pressure on such surfaces is proportional to the 
square of the velocity. Mr. Rouse’s formula establishing this 
relationship, and which has been adopted by Smeaton and others, is 

V2 
P= dO . . : ° (1), 


where p = pressure in lbs. per square foot, 
V = velocity in miles per hour. 


Though this formula has been pretty generally adopted, yet 
its accuracy is disputed by some, and it cannot be regarded as 
more than approximate. Mr. Hawksley, who has devoted a good 
deal of attention to the subject, recommends the formula— 


g\>* : 
p= (50) Se eM aw Oe 


where p = pressure in lbs. per square foot, 
v = velocity in feet per second. 


* This formula has been arrived at somewhat after the following 
fashion : — 


Let v = velocity of a current of air in feet per second, 
hk = height through which a heavy body must fall to produce a 
velocity, w, 
w = weight in Ibs. of a cubic foot of impinging fluid (for atmos- 
pheric air w = 0°0765 lb.), 
9 = 32, the coefficient of gravity ; 
then, from Newton’s law, 
ee 
55 
Since p, the pressure of a fluid striking a plane perpendicularly, and then 
escaping at right angles to its original path, is that due to twice the height 
(Rouse’s experiment), then 
wet 0765? = /v\? 
p= 7 “3977 i (55) approximately. 
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From these two formule the following table has been con- 


structed :— 


TABLE CIl.—Suowine Revationsaie BETWEEN THE PRESSURE 
AND VELOCITY OF WIND. 














VELOCITIES. Pressure IN Lys. per Square Foor. 
Feet per Second. Miles per Hour. Rouse’s Formule. | Hawksley's Formula. 
10 6°8 0°25 
20 13°6 1:00 
30 20°4 2°25 
40 27 '2 4°00 
50 34°0 6-25 
60 40°8 9°00 
70 47°86 12°25 
80 54°4 14°80 16:00 
90 61°2 18°72 20°25 
100 68:0 23°12 25°00 
110 74°8 27°97 30°25 
120 | 81°6 33°29 36 00 
130 88°4 39°07 42°25 
140 95:2 45°32 49°60 
150 102°0 52:02 56°25 





From the table it will be seen that when the wind velocity is 
100 miles per hour, which is the greatest that can occur, the 
eh is approximately equal to 50 lbs. per square foot. 

his pressure, however, is too much to assume over large areas. 
The total wind-pressure upon a surface is hot proportional to its 
superficial area, though it is generally assumed to The 

0 
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velocity of the stream of wind is not uniform at all points, and 
the average pressure on a surface of considerable extent is much 
less than the maximum pressure exerted on small portions of it. 
This has been verified by experiments recently made in connec- 
tion with the Forth Bridge. The general result of these experi- 
ments shows that the average pressure upon a surface 20 feet by 
15 feet is not more than 66 per cent. of that on a small surface 
1} square feet. From this we may assume that as a rule a 
maximum pressure of 45 lbs. per square foot over the whole 
surface exposed, is sufficient to allow for structures. 

In dealing with lattice-girder bridges, it is usual to allow for 
the pressure on a surface greater than that represented by the 
actual area of the girders as seen in elevation. In doubic-webbed 
lattice girders the area of both webs should be taken, or double 
the web area as seen in elevation, for if the direction of the wind 
varies ever so little from being normal to the girder, the first 
set of lattice bars give little or no sheltcr to the second. Ifa 
bridge consist of two such main girders, the wind pressure on 
both girders must be allowed for, so that the pressure must be 
taken as acting on an area equal to four times that as scen in 
elevation. 

The destruction of the first Tay Bridge has been the means of 
directing the attention of engineers more closely to this subject. 
A committee appointed by the Board of Trade to consider the 
question, recommended :— 


1. That in exposed situations the maximum pressure to be 
provided for shall be 56 Ibs. to the square foot of surface. 

2. That, for open lattice-work, the surface on which this 
pressure acts should be from once to twice the front area, 
according to the openings in the lattices. 

3. That, for iron or steel work, a factor of safety of four should 
be provided ; and, considering the tendency of the bridge as ao 
whole to be overturned, a factor of safety of two should be 
allowed. 


American engineers assume a wind-pressure of 30 Ibs. per 
square foot upon the loaded, and 50 Ibs. upon the unloaded 
structure. Their specifications usually provide for a pressure of 
30 Ibs. per square foot on the train surface, and twice the vertical 
surface of one truss, or, as an alternative, 50 lbs. per square foot 
on the unloaded bridge; and it is further specified that the maxi- 
mum stresses on the wrought iron under these conditions must 
not exceed 15,000 lbs. per square inch in tension, 10,000 lbs, in 
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shear, and one-fourth the ultimate resistance in compression. It 
is usual for the iron piers to have such a width of base that, 
with the above pressures, there will be no tensile stress on the 
main pillars. 

359. Influence of the Form of a Surface as affecting Wind- 
Pressure.—The form of a surface exposed to the wind has a great 
deal to do in modifying the pressure exerted against it. The 
pressure, for example, upon convex surfaces is inuch less than 
that upon their projected plane surfaces, and that on concave 
surfaces 1s much greater. 

From theoretical calculations it appears that the pressure 
upon a sphere is only one-alf that on a flat surface, equal in 
area to a section through its centre, and that upon a solid 
cylinder is only tro- thirds of the pressure on a section through 
its axis. On the other hand, the pressure on a parachute is 
nearly double that on its diametral section. 

If great nicety of calculation be desired, a coefficient of 0-5 
should be taken for all round bars, and a coeflicient of 1-5 for 
channel sections. It is not often, however, that such exactness 
is necessary. 

860. Wind-Bracing.In order to provide against the wind: 
pressure exerted on the superstructure of a bridge, the main 
girders should be braced together in a horizontal direction, by 
which means the pressure is transmitted to the abutments. 
This bracing, except in very deep girders, occurs at the bottom 
flanges. If the floor of the bridge consists of wrought-iron 
plates resting on cross girders, or of wrought-iron or steel 
troughing, stich flooring in itself fullils all the requirements of 
the wind-bracing. W hen the floor consists of timber it will 
be necessary to introduce diagonal bracing of wrought iron. 
With deep girders which admit of sufficient he: adroom, the top 
booms should be connected by arched or diagonal bracing. 

Arched bridges do not need so much wind-bracing as those 
constructed of ordinary girders, as they expose little surface 
at their centres where the wind-pressure exerts the greatest 
effect. 

361. Stresses on Braced Piers.—Fig. 251 is an example of a 
braced pier. Under ordinary conditions it will be exposed to 
two sets of forces, namely :— 

1. Vertical forces, which consist of the weight of the pier 
itself together with that of the superstructure and the live 
load. 

2. The horizontal wind-pressure. 

In calculating the working stresses produced by these external. 
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forces, it will not be necessary to take into account any live load 
on the bridge, as with a wind-pressure of 
from 40 to 50 lbs. per square foot it would 
not be possible for railway trains or other 
vehicles to pass over. 

The wind-pressure (P) exerted on the 
superstructure may be represented oy a line, 
O p, which passes through the middle of the 
depth of the main girders. 

The wind-pressure (Q) exerted on the pier 
may be represented by a line, 0,9, which 
passes through the centre of the surface of 
the pier exposed to the wind. 

The resultant (R) of these two pressures 
is represented by a horizontal line, 097, 
where 0,.7=Op+o0,g. The point of application of this force is 
at the point o,, where Oo, : 0,0, ::Q: P. 

The vertical force (W) coming on the pier acts along the central 
line Oo,0,. Through the point + draw the vertical line rr, 
making rr,=W. Join o,7,; this line will represent both in 
magnitude and direction the resultant of all the forces acting on 
the pier. If the line 0, r, produced fall between the points A and 
B the pier will not be overturned, even though it be not anchored 
down. Ifo, 7r, fall owtside A B the pier will be lable to be over- 
turned unless anchored down. 

In the latter case if the pier be anchored at A, the stress on 
the anchor-bolts may be found thus— 





Fig. 251. 


Let R = resultant of the wind-pressures. 
0, O, = 6, the distance of its point of application from the base 
of the pier. 
W =vertical load on the pier including the weight of the 
pier itself. 
a= A O,=0, B=half the base of the pier. 
8 = stress on anchor-bolts at A. 


Taking moments about B as a fulcrum, we get— 
Sx2a+Wxrxa=Rhxb. 


Rb-Wa 
Spar e e ° (3). 


In a similar manner may be found the stresses on a A and 6B, 
the main pillars of the pier. 

When there is a tensile stress on the anchor-bolts at A, the 
member A a will be in tension and d B in compression. 
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When there is no stress on the anchor-bolts at A, there will 
be compressive stresses both on aA and OB, though not equal 
in amount. 

The stresses on the lattice-bracing of the pier may be found in 
a similar manner to those on a braced cantilever loaded with a 
concentrated weight at its extremity, and a practically uniformly 
distributed load over its entire length. 

In order to further illustrate the effects of wind-pressure on 
braced piers, we cannot do better than give an example of a pier 
actually in existence—namely, one of the high piers of the 
Bouble viaduct—an account* of which is given by M. Jules 
Gaudard of Lausanne. 

This viaduct consists of a series of spans of 164 feet each ; the 
main lattice girders are 14 feet 9 inches deep. Hach pier con- 
sists of four cast-iron columns, which are ballasted with concrete 
and braced together, as shown in fig. 251; the height of the top 
of the girders from the base of the pier is 203 feet 5 inches. The 
vertical loads on each pier are as follows :— 


Dead weight of one span, . . . 120 tons. 
Weight of train, . . . . 8d 
Weight of pier, . ; ‘ : . 240 


19 
9 


Smammicanat 


Total load on pier, . 445 ,, 


Taking a wind-pressure of 55:3 lbs. per square foot, the total 
pressure against a girder, allowing for the spaces between the 
lattices, will be about 40 tons. This pressure acts horizontally 
midway between the top and bottom of the girder, or at a height 
of 196:2 feet above the base of the pier. 

The pressure on the train is estimated at 32-4 tons, and this 
acts horizontally at a height of 210°3 feet above the base of the 
pier. Lastly, the wind-pressure on the pier is estimated at 
about 40 tons acting horizontally at a height of 92-85 feet above 
the base. 

We have now all the data necessary for determining the 
stresses on the pier under the above conditions. 

As the width of the base of the pier is 67 feet 7 inches, we get-— 


Moment of stability of pier = 445 x 33-8 = 15,041 foot-tons. 


Moments of wind-pressure tending to overturn pier 
= 40 x 196-2 + 32-4 x 210:3 4-40 x 92°85 = 18,375°72 foot-tons 


From which it is seen that the net overturning moment 
= 18,375:-72 — 15,041 = 3,334-72 foot-tons. 


*Proc. Inst. of C.E., vol. Lxix. 
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It will be necessary, therefore, to anchor the pier down to its 
foundations. If the anchor-bolts pass through the extremity of 
the base of the pier, and if 5 = total tension on the bolts, we get— 


8 x 67°6 = 3,334°72, or § = 49°3 tons. 


CHAPTER XXX, 
LIFTING TACKLE, ERECTION OF BRIDGES, ETC. 
Lirtina TAcKLk. 


862. Derricks.—A derrick is usually a pole or balk of timber 
placed in an upright position, one end resting on the ground. 
When the weight to be lifted is great, or when the derrick is 
long, the Jatter may be made of wrought iron, either square or 
circular in cross-section, and formed of continuous plates and 
angles or open latticc-work. Derricks are kept in a vertical 
position by means of ropes or chains fastened to their tops, the 
other ends of the stays Leing anchored to the ground or made 
fast to objects in the vicinity. These stays are termed guy ropes 
or guy chains, and the efficiency of the derrick depends to a 
large extent upon them. The dimensions of a derrick-pole 
depend upon its height and the weight to be lifted. For light 
weights a balk of timber & inches to 12 inches square is usual ; 
for heavier weights, 12 to 18 inches square may be required. 
For anything beyond this it is advisable fo use wrought iron, 
For lifting heavy weights, chains are preferable to ropes for 
staying, and these should not be Jess than four for each derrick. 
The bottom end of the stay may be fastened to stakes driven into 
the ground. A convenient arrangement for this purpose is a 
wrought-iron bar with an eye forged on one end and a screw on 
the other. This can be screwed into the ground by inserting a 
round bar in the eye and using it asa lever. This is afterwards 
withdrawn and thé guy made fast to the eye. At the top 
of the derrick a pulley-block is attached, and the chain or 
rope for hoisting passes round the pulley and is carried down 
the side of the derrick to a snatch block fastened to its heel, 
and then passes round the barrel of a crab placed at some 
distance off and anchored tothe ground. When a single derrick 
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is used for lifting heavy weights, say over 15 tons, it is advisable 
to employ two sets of pulleys and tackle. For long and heavy 
girders, two derricks may be used, the girder being slung from 
two separate points. 

363. Sheer Legs, Tripods, and Scotch Cranes.—Other lifting 
apparatus are sheer legs and tripods. The former consist of two 
poles and require two or three guy ropes, while the latter 
consist of three poles and do not require any guys. 

These latter are not so convenient for shifting from one place 
to another as ordinary derricks. What is known as the Scotch 
crane isa very uscful appliance for lifting purposes. The gib 
can be raised or lowered 1n a vertical plane, or swung round In a 
horizoutal plane, so that the work lifted may be placed in its 
required position. The lifting crabs may be worked by steam- 
instead of hand-power when heavy weights are being lifted. 

The method of determining the stresses on all these lifting 
appliances is fully explained in Chap. XVI. 

364. Ropes and Chains.—Ropcs are usually made from “ green 
hemp” or manilla. They are measured by their circumference 
in inches and are generally sold by weight. 

There are several rules for calculating the strength of ropes, 
but they must be considered only as approximate, there being 
considerable variation in the strength of pieces even when cut 
from the same coil. One rule is, that the breaking stress in cwts. 
és equal to four times the square of the girth in inches ; so that if 


e = circumference in inclies, 
S = breaking stress in cwts. 
NS) =~ 4 c ° . ° e (1). 
This is a very approximate rule,‘and is applicable only to 
certain qualities of rope. 
The following formulse are more to be relied upon, and can be 


made applicable to the different kinds of rope by using the 
proper constants :— 


Let c= circumference of rope in inches, 
{= working load in tons, 
&8= breaking stress in tons, 
w= weight of rope in lbs. per fathom. 


&, v, y, and 2 are constants. 


7” 
eal y = 0? &, w= cy, watz. 
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TABLE CIII.—Txe Vauves or k, x, y, AND z (MOLESWoRTH). 





Descrrprion or Rope. k. x. y. £. 
Common hemp, . ‘ : ~ | ‘032 "18 18 6:0 
Coir, haweer laid, . j : ‘ ie ar 131 “5 
Coir, cable laid, . ; “is ne "117 ie 
St. Petersburg tarred hemp en 037 ‘22 ‘235 6°35 
St. Petersburg tarred hemp cable,. | °025 "15 207 8°28 
White manilla hawser, . ‘ , "045 | 177 3°93 
White manilla cable, . » «| 033 "19 "155 4°70 
Best hemp ‘‘cold register,” . . {| ‘100 "60 
Best hemp ‘‘ warm register,” | ‘116 ‘70 


TABLE CIV.—Workine STRENGTHS AND WEIGHTS oF Hemp Ropes. 


| Working Stress Weight in Ibs Working Stress Weight in Iba. 
in Tons, per Fathom, in Tons, per Fathom, 
Circum. oe Circum. 
in Inches "TT In anches, 
Common.}; Good. |[Comton. | Good Common. Good. [Common | Good, 
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The breaking stresses are about five times the working loads, 
as given in the last table. 

365, Preserving Ropes.— Ropes are liable to rapid deterioration 
unless kept dry and free from dirt. If they are exposed to con- 
stant wet itis advisable to tar them; this renders them more 
durable though it may to some extent diminish their strength. 
Another cause of deterioration is the wear and tear caused by 
passing round barrels and pulleys; the strands also in such 
cases become unequally strained, those on the outer side of the 
rope being exposed to greater tension than those in contact with 
the pulley. This inequality of stress is reduced by enlarging the 
diameters of the pulleys. 

If ropes are kept a long time without using them, they should 
be carefully examined and tested before use. 

366. Chains.—Chains are usually made out of round wrought- 
iron bars of the best quality. The links may be of different 
forms, that approximating to the ellipse being the most common. 
Generally speaking, chains are of two sorts—the close-link chain, 
and the studded-link chain. In the stud-link chain, a stud or 
stay usually made of cast iron is inserted across the shorter 
diameter of each link, in order to prevent the sides closing 
under heavy stresses. . 

The size of a chain is measured by the diameter of the bar 
from which it is made; thus, a #-inch chain is made from round 
bar # inch in diameter. 

When a direct tension is applied to a chain, each link is 
subjected to a bending as well as a tensile stress; the bending 
action being greatest at the extremities of the links. Each link 
has to be welded, which materially diminishes its strength ; this 
diminution of strength amounting on the average to about 
20 per cent. of the strength of the bar. 

Chains which pass over pulleys are subjected to other bending 
stresses. In such chains the links should be made as small as 
possible, in order to increase the flexibility of the chain, and to 
diminish the bending action above referred to. From experi- 
ments made on chains at Woolwich, it was found that a studded 
chain cable broke with a mean tension of 15:9 tons per square 
inch, and a close-link chain broke with a tension of 17°5 tons 
per square inch. The strength of the iron from which these 
chains were made was about 26 tons. The reduction of strength 
is to be accounted for by the welds and the bending stress. 

367. Fatigue of Chains.—Chains which have been in use some 
time suffer from “fatigue,” the material often becoming crystal- 
line in its texture. By annealing the chains periodically, the 
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equilibrium of the material becomes restored, and its strength 
re-established, It is a rule of 
the War Departinent that all 
chains of cranes, slings, &c., 
be thus annealed from time 
to time. 

Fig. 252 shows the ordinary 
proportions of a close-link 
chain in terms of the diameter 
of the metal from which the 
chain is made. The inside 
radii of the ends of the link 
must be a little greater than 
~ the radius of the bar from 

Fig. 252. Fig 253. which the chain is made. 

Fig. 253 shows the ordinary 
proportions of the link of a studded chain. The stud, especially 
in large links, adds considerably to their strength. 

368. Ultimate Stress, Proof Stress, and Working Stress on 
Chains.—-When speaking of the stresses applied to chains, three 
kinds are to be distinguished, viz. :— 


The Ultimate Stress. 
The Proof Stress. 
The Working Stress. 


Approximately, the proof stress is about one-half the ultimate 
strength, and the working stress is about one-half the proof 
stress. Strictly speaking, however, the working stress ought to 
vary with the use to which the chain is put. If subjected to 
vibrations and shocks this stress should not be greatcr than one- 
third the proof stress, 

The Admiralty rules for studded chain cables and close-link 
crane chains are as follows :— 





Let d= diameter of the iron forming the chain ; 
For studded chain cables— 
Proof load in tons = 18 d?= 11} tons per sq. in. of section. 
For close-link crane chaing— 
Proof load in tons = 12 d?=7:7 tons per sq. in. of section. 


Of a working load be taken at one-half the proof load, 
we get— 


For studded chains— 
Greatest working load = 9 d? = 5-75 tons per sq. in. of section; 
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For close-link chains— 
Greatest working load = 6 d? = 3:85 tons per sq. in. of section. 
869. Weight of Chains.— The weight of chains in Ibs. per 
foot may be expressed by the equation— 
w=9d% :; . . (2). 
The following tables are given by Mr. Unwin, the breaking 
strength being calculated from the Woolwich experiments. 


TABLE CV.—Strrenory axnp WEIGHT oF CLOSE-LINK CRANE CHAINS, 
AND Size or EqurvaLent Hemp CaBLe. 


en an eee enn nmemenemonmaied 























| l 
Diameter of Weight of Breaking Terti Girth of Weight 
iron d chuin strength in , re He equivalent | of rope in Ibs. 
ininches. | per fathom. tous, oad in (ONS. | yope in inches.| per 1athom. 
4 3°5 19 0-75 2 1; 
3 85 4°3 16 31 2} 
rat 11:0 5°9 2°3 4 33 
i 14-0 777 30 4} 5 


vs 18-0 9-7 3-8 BA 
5 24-0 12-0 46 6} 
BE 28-0 14-6 56 7 
3 31-5 17°3 6-8 7h 
13 37:0 20°4 79 8} 
X 44:0 23'1 9°) 9 174 
25 50-0 26°1 10°5 94 19} 
1 56°0 29:3 12-0 10 22 
272 
341 
4k 
494 


14 71:0 36:3 153 114 
1} | B75 44°] 18°8 124 
1} 105°8 52:8 22°6 133 
4 126-0 62°3 27°0 15 


476 ERECTION OF BRIDGES, ETC. 


TABLE CVL—Srrenotu anp WeicutT or Stuppep-Linx CABLE. 








8 24 95 7 64 
it 28 11-4 84 74 

32 135 104 8 
i 44 90°4 133 9} 
1 58 24:3 18 10} 
14 72 29°5 22% 12 
1} 90 38°5 283 134 
13 110 48°5 34 15 
i 125 59°5 404 16 
1g 145 66°5 47h 17 
13 170 741 55} 18 
ly 195 92°9 634 20 
2 230 99°5 72 22 
2} 256 112 814 24 
of 285 126 914 26 








EREcTION OF Bripaes, &o. 


370. In the erection of iron or steel bridges there are almost 
as inany systems as there are designs of bridges themselves, and 
to a certain extent each bridge must be considered on its own 
merits. The erection of a bridge is sometimes the most difficult 
part of the undertaking, and in making his design the engineer 
should try to arrange it so as to facilitate the erection as much 
as possible. 

In bridges of small span crossing roadways or railways the 
erection is an easy matter, and resolves itself merely into a ques- 
tion of lifting. When there is convenient roadway or railway 
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accommodation to the site, girders of lengths up to 80 feet, and 
weights up to 20 tons may be delivered at the site in one piece. 
If they exceed these limits they may he sent in two or more 
pieces, and afterwards rivetted together in position. In such 
cases the joints should be so arranged that the different lengths 
can be conveniently joined together. When the girders are too 
large to be treated in this mauner, or where there is a difficulty 
in transporting heavy pieces to the site, or of lifting them into 
position, then it becomes necessary to send the work away in 
sinall pieces, and all or most of the jointing and rivetting has to 
be done on the site by crecting the work on a stage or other- 
wise. In cases of this kind it is always advisable in the first 
instance to erect the girder complete in the bridge-builder’s yard 
so as to insure everything fitting properly. The different bars, 
plates, &c., should then be carefully marked, and corresponding 
marks put on the erection drawing, so that each piece may find 
its proper place at the final erection in situ. A complete list of 
bolts, rivets, and other fastenings should be made, and a copy 
furnished to the foreman in charge. Attention to this will save 
a deal of trouble. It is customary to send an excess of about 10 
per cent. of all rivets in order to provide for those lost or burnt. 

371. Hrection of Small Bridges.—In bridges of small span, 
where the girders are delivered on the site complete, it is only 
necessary to erect one or two derricks according to the size of 
the girders, by means of which the latter may be lifted to their 
place. The cross-girders are similarly treated and then the 
flooring laid, no scaffolding being necessary. 

If the main girders are delivered at the site in two pieces, 
they may be jointed together on the ground, and then lifted 
complete in the manner explained. If too heavy or cumbersome 
for thus treating, a timber trestle may be erected towards the 
contre of the span, then each piece lifted and laid with one end 
on the abutment and the other on the trestle, and the two pieces 
rivetted together in this position. This method is very inexpen- 
sive, as little or no scaffolding is needed. 

372. Erection of Large Bridges.—In bridges of large span, or 
where a river or ravine has to be crossed, other methods will 
have to be adopted. These have been very fully considered by 
Mr. Seyrig,* and a good deal of the subsequent information on 
this subject is due to him. 

The different methods of erecting large bridges may be 
grouped under four heads :— 


Pro, Inst. of Civil Engineers, vol. lxiii. 


478 RECTION OF BRIDGES, ETC. 


1. Erection upon Staging ; 

2. Erection by Floating ; 

3. Erection by Protrusion, or Rolling Over of Girders ; 
4, Lrection by Overhanging, or Building Out. 


873. Erection upon Staging.—This is by far the most common 
way of erecting bridges, though it is often expensive. The 
staxing is usually constructed of timber, and, roughly speaking, 
consists of a series of timber trestles or piers upon which are 
laid longitudinal balks or beams. On these latter are placed a 
series of cross-beams which, in their turn, support the longitu- 
dinal planking, which latter forms a platform for the men to work 
upon. The stage, in fact, is a temporary wooden bridge. 

The bottom boom of the girder is first laid on the stage rest- 
ing on a series of skids and wedzes, by means of which the 
proper camber is given to it before the web and top flange are 
erected. If the bridge crosses a river it will be necessary, in 
order to form the temporary piers, to drive piles securely into 
the river-bed, so that the scaffulding may not be swept away by 
the force of the current. 

The sections of the various scantlings in the stage havo to be 
determined specially in each case. As av rule, when the trestles 
are more than 30 feet apart, it will be necessary to truss the 
main jongitudinal beams by ineans of wrought-iron tie-bars. 
The working stresses allowed to come on a temporary structure 
of this kind are much greater than those in permanent structures. 
In the former case it is not unusual for the working stress to be 
one-half the ultimate strength. 

A Scotch crane, fixed on the stage, is very useful for lifting 
purposes. It is also often convenient to have a Goliath travel- 
ling crane running the whole length of the stage on rails placed 
at each side of the girder, by means of which the different mem- 
bers may be placed in position. 

374. Erection by Floating Girders.—There are several varieties 
of sites which do not lend themselves to the construction of a 
stage. In deep or rapid rivers, or those subject to floods, the 
construction of a stage is troublesome and often impossible. In 
navigable rivers, also, it may interfere with the passing of 
vessels. In such cases some other method must be adopted. 

The main girders may be built on the shore and then rolled 
on to pontoons and floated to their destination. The erection of 
the main tubes of the Britannia tubular bridge was done in this 
way. The tubes were constructed on a platform, which was 
erected on piles close to the shore. When the tubes were ready, 
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pontoons were brought underneath them through the piles at 
low water ; when the tide rose the tubes were lifted bodily off 
the scaffold and floated to their position between the piers. By 
letting water into the pontoons, the tubes were lowered on to 
the masonry piers which were above water. The tubes were 
afterwards lifted 6 feet at a time by powerful hydraulic presses 
placed on the piers. After cach lift the masonry was built up 
underneath, and then a fresh lift was made, and the operation of 
building the masonry continued, by which means they were 
eventually got to their proper level. The weight of the four 
large tubes, which were 470 feet long, was 1587 tons each, and 
they were fixed at a height of 100 feet above water-level. Six 
pontoons were used for floating each tube. 

375. Erection by Protrusion, or Rolling Over of Girders.—This 
method is principally applicable to continuous girders extending 
over several spans, and dispenses with the necessity of staging. 
It is important when this plan of erection is to be carried out 
that the girders be designed so as to make it practicable. When 
a girder projects in the form of a cantilever, severe stresses are 
incurred of a nature and intensity to which it will not be exposed 
when fixed in its final position. In order to provide against 
these temporary stresscs, it Is sometimes necessary to make the 
girder stronger in certain parts than is needed in the permanent 
structure. The extra strength and stiffness are sometimes pro- 
vided for by means of temporary bracings and stays, which are 
removed after the girder is finally fixed in position. 

There are several advantages attending this systein of erection. 
The bridge may be put together on the bank, and the operation 
of rolling it over is not, as a rule, attended with much risk or 
expense if properly carried out It is equally applicable to lofty 
viaducts and bridges crossing rivers. 

Fig. 254 explains how a girder A B, continuous over three 
spans, may be rolled across into its final position, The girder 
rests on rollers which should be grooved so as not to interfere 
with the rivet-heads in the bottom flange, or the rollers may 
revolve in a frame fixed to the girder and run on a, rail laid on 
the ground. A crab, C, is fixed on the opposite bank, and a 
chain from it fixed to the extremity B of the girder. 

If the girders are deep und narrow, and rolled over separately, 
they should be fixed in a cradle to prevent their falling over 
sideways. 

In order to prevent an undue side-stress on the piers, a tie 
might be taken from the top of the pier and fastened to the 
bank from which the girder is rolled. | 
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Fig. 255 explains a method applicable when there are no piers. 
A crane, ©, is fixed on the opposite bank to that on which the 
girder rests. This supports the end B while the girder is being 
rolled across. A counterbalance weight, A, is often used in 
order to relieve the stress on the crane. By applying levers or 
jacks to the end A, the girder may be pushed over. Instead of the 
bridge, the staging may be rolled across; in some cases this will 
be found preferable, but should only be had recourse to when 
other methods are not applicable, on account of the expense 
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involved. The stage in such case may be constructed of timber 
lattice-trusses, connected together with cross-framing. 

In bridges crossing rivers and canals, a method of erection 
might in some cases be employed with advantage, which is a 
combination of the methods of rolling and floating. The girder 
is first thrust forward to nearly one-half its length. A boat is 
then placed under the projecting end, which can be raised by 
pumping water out of the vessel; the girder can then be drawn 
over and Janded on the opposite abutment. 





Fig. 255. 


876. Erection by Overhanging, or Building Out.— By this 
system no scaffolding whatever is required, the structure itself 
being made use of for its own erection. This plan is adopted 
in situations where it is impossible to erect staging, and where 
the design of the structure lends itself to the method, such as 
braced arches or bridges of the double cantilever form. Among 
notable examples, where this method has been successfully 
adopted, may be mentioned the Forth and Douro Bridges. 

The bridges are built out, starting at the abutments or piers. 
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In the case of a bridge with a single span, the erection is started 
at each abutment, and built out panel by panel until the two 
portions meet at the centre. The top members of each portion 
must be tied back to the abutment, while the lower members 
may for a certain distance be supported by inclined struts. 

In bridges with more than one span, by starting at a pier 
and building out on either side simultaneously, two cantilevers 
are formed which balance each other. 

377. Cost of Erection.—The cost of erection of bridges varies a 
great deal, and may be roughly stated to be from £1 to £10 per 
ton. When a great deal of rivetting has to be done, it is advis- 
able to use portable rivetting machines driven either by hydraulic 
or pneumatic power; the latter being preferable in cold climates, 
as it 1s not interfered with by the frost. 

After a bridge has been erected and before it is opened to 
traffic it should be tested and the deflection noted. In railway 
bridges it is usual to send a string of locomotives coupled together 
over it at different speeds. 

378. Erection of Iron Roofs and Buildings.—If a roof rests on 
columns, the first thing to be done is to fix these in position. 
The foundation of a column may simply consist of a stone bedded 
in the ground, it is best, however, to have concrete or brickwork 
underneath the stone to insure the stability of the foundation, 
and the tops of the stones should be dressed off smooth and level. 

The columns may be fixed to the foundations by Lewis’ bolts, 
which latter are fixed to the stone by running them with lead, 
sulphur, or other suitable substance. When lead is used it is 
poured into the dovetail space between the bolt and the stone, 
and, to make a good job, it should afterwards be caulked as the 
lead contracts in cooling. Sulphur does not require caulking as 
it expands in cooling. In the case of long columns, which require 
extra anchorage, long bolts should be used which pass down 
through the concrete or brick foundation, and are secured thereto 
by anchor plates. It is usual to have four holding-down bolts 
for each column. 

For good work the bases of the columns should be faced ; when 
this'is not done one or more layers of felt or a layer of sheet 
lead should be placed between the column and the stone. These 
packings will yield wherever the pressure is greatest, so that it 
becomes distributed approximately over the base. Another plan 
for packing the bases of columns and getting them truly vertical 
is to put iron wedges at the different corners; then by driving 
one or other of these wedges, the column may be made quite 
plumb. When all the columns are thus set true, and Aes tops 
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brought in line, the space between the column baso and the stone 
may be filled in with molten lead, or sulphur, or Portland cement, 
or it may be caulked with iron borings. It is very important 
that the columns be made to bear evenly over the entire surface 
of their bases. Many cases have been known where this has 
not been attended to, where the base of the column (or the stone 
itself) has been cracked (see Art. 153). 

When the columns have been fixed and before they are finally 
bolted down, the connecting girders, when there are any, for 
carrying the principals should be lifted into their place by means 
of a derrick and bolted to the columns. There is little difficulty 
in lifting girders in this way, as they are stiff and not liable to 
buckle. It is different, however, in lifting principals on account 
of their want of lateral stiffness. If the principals are small the 
derrick chain may be attached toa single point, namely, the 
crown. It is preferable, however, to have the chain-sling 
attached to two points. In larger trusses two derricks may be 
necessary, and there should be two or more points of attachment. 
When a roof truss is suspended in this way it is exposed to 
stresses it was never designed to bear, the main tension members 
being subjected to compressive and tho rafters to tensile stresses. 
In order to prevent the ties from buckling they should be 
stiffened by lashing light timber poles to the truss. 

Whien the first principal is lifted, it should be securely fixed 
to the ground or some fixed object by means of ropes or chains, 
before it is released from the derrick. As each successive 
principal is lifted, it is lashed to the preceding one until the 
purlins are fixed. It is also advisable to attach the wind-ties as 
the work proceeds. Many accidents have been known to occur 
by neglecting these precautions. <A gale of wind suddenly 
springing up has blown down many a partially-erected roof when 
the principals were not properly stayed cr braced together. 

Sometimes the covering is not put on until the whole of the 
framework is fixed, but the more usual plan with large roofs is 
to proceed in laying the covering as cach hay of ironwork is 
completed. 

Arched ribs may be lifted in one or more pieces according to 
the span. When in three pieces, the abutment ends are first 
lifted and fixed, and then the centre pieces dropped in and the 
connections made good. This may, as a rule, be done without 
any elaborate scaffolding, except in the case of very large spana, 
when it becomes necessary to build a stage from the ground and 
erect the ribs upon it. It is not necessury for the stage in such 
cases to extend the whole length of the roof, it being usually 
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made about the width of two bays, and arranged so as to travel 
longitudinally with the roof by running on rails laid on the 
ground. The same staging is used for fixing the purlins and 
the covering. 

After the framing and covering have been fixed, the last 
process ig the painting of the roof. The number of coats which 
the iron and timber work receives is usually three, though four 
coats are sometimes specified. The first coat is usually put on 
before the work leaves the contractor’s yard, the remaining coats 
after the work is fixed. 


CHAPTER XNXI. 
ENGINEERS SPECIFICATIONS OF IRON AND STEEL BRIDGES, 


Tur two following are examples of engineers’ specifications, so 
far as they apply to the iron and steel work of bridges and roofs. 


They are selected with care, and are examples of the most recent 
work :— 


MANCHESTER, SHEFFIELD, AND LINCOLNSHIRE RAILWAY. 


Extracts from Specification for Bridye Work, October, 1889. 


Cast-[RoN Work. 


1, Cast Iron. —The cast iron must be of the best grey metal, free from 
cinder or graphite; the castings must be free from air-blows, honeycomb, 
gand, or other flaws, and the quality shall be such that a bar, 4 feet long 
by 1 inch wide and 2 inches deep, placed on solid supports, giving a clear 
span of 3 fect 6 inches, shall carry, without showing any signs of fracture, 
not less than 3000 lbs. placed in the centre of the bar between the supports. 


2. Casting’s.—The castings must be clean and neat, not buckled or in 
any way defective, and must be in exact accordance with the drawings. 
All patterns must be approved before being cast from, and special care must 
be taken with those for the parapets. All castings when complete shall be 
submitted to any test that the engineer may think it necessary to apply, 
and any casting which may prove defective shall be replaced by another of 
approved quality, at the contractor’s cost, 


3. All bolt-holes must be drilled true to a template, and, except when 
otherwise specified, no cast holes will be allowed. The diameter of the 
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holes must not exceed that of the bolts by more than one-sixteenth of an 
inch. 


4, All joints not specially shown on the drawings to be faced shall be 
rovided with chipping pieces, and accurately fitted. The joints and 

aring surfaces of cylinders for bridge or other foundations shall be 
accurately faced in the lathe. 


5. No casting shall be painted until it has been examined and approved 
by the engineer or his inspector, after which it shall be thoroughly scraped 
clean, and well painted with four coats of Colley’s Torbay or other spprorce 
paint. Any casting in which plugging or other attempts to conceal defects 
may be discovered will be at once rejected. 


Wrovoaut-IRon WorK. 


6. Wrought Iron.—All iron shall be of best Staffordshire or other 
equally approved British make, and samples, selected from the bulk by the 
a or his inspector, shall be capable of withstanding in University 
College, London, or other approved machine, the following tests :— 


TABLE CVII. 
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7. All rivets must be of best Yorkshire iron, capable of being bent double 
cold without fracture, and must be made out of the solid. Except where 
countersunk, the rivet heads are to be cupped, and they shall be free from 
cracks or other defects. 





8. General.—All plates shall be of uniform thickness thoughout, and 
carefully curved or bent to the required forms, All bars, plates, angles, 
and tees shall be of the sizes shown on the drawings, and placed in the work 


WROUGHT-IRON WORK. 485 


so that the fibres of the iron may run in the direction of the greatest strain. 
The edges of ail plates shall be planed, and all joints shall be true and close 
butts. The ends of all angle- or tee-iron stiffeners shall be cut square, and 
neatly dressed in @ machine-saw or otherwise. The work must be prepared 
and the holes marked from proper templates, so as to insure a uniform 
width of plates in the flanges, and accurate correspondence of rivet-holes 
through the several thicknesses. The rivet-holes shall be drilled. The 
rivets must be made to well till the holes, and rivetted by machine power 
whenever practicable, and must be countersunk when ordered. All angles 
and cranks must be neatly formed with easy curve, and the work must 
be free from cracks, scales, ragged edges, and flaws of every kind. All 
girders must be built with a proper camber on the under side, which will 
generally be 1 inch to every 40 feet, and cover-plates and packing-strips 
must be fixed when necessary. 
Asphalted felt is to be placed under all bearings of main girders. 


9. Painting, &c,—The iron and steel work is not to be painted nor 
dipped in oil at the maker’s works, except when the girders are put 
together, and then the whole of the surfaces in contact shall, before they 
are placed together, receive one coat of Colley’s Torbay, or other approved 
paint. When the bridges are complete, and sufficient time has elapsed to 
allow the mill scale to drop off, the girders are to be well scraped, and 
brushed with wire brushes; and when clean and free from rust and dust, 
the whole of the surfaces shall receive four coats of the same paint, each.. 
coat to vary in colour, and to be left of an approved colour. Any painting 
damaged during the term of maintenance shall receive one additional coat 
or more if ordered by the engineer. 


10. Hobson’s Patent Flooring.—The platform plates shall be neatly 
fitted and rivetted into their places, and buckled where so shown on the 
drawings. The flooring is to be that known as Hobson’s patent flooring. 


11. The parapets and hand-railing shall be very neatly fitted together, 
felt being inserted where necessary to prevent rattling. 


12. All bolis and nuts shall have a clean-cut. Whitworth’s thread to hold 
tightly, and shall be provided with washers where required. The heads of 
all bolte shall be formed out of the solid, and not welded on. The ends of 
rods and bolts shall, before securing, be swelled out so as to maintain the 
full sectional area of the iron at the bottom of the thread. All nuts and 
heads shall be of Whitworth’s proportions. All bolts shall project at least. 
one-half diameter beyond the nuts when screwed up. 


13. The whole of the iron work is to be fitted together at the maker’s 
yard, and properly marked before being taken to pieces, and when delivered 
on the works is to be carefully stocked, and protected from injury. 


14. The contractor must provide at his own cost all necessary gantries 
or staging required for fixing and painting the iron work, and remove the 
same on completion of the contract. 


15, Wherever holes are provided in floor plates, troughs, &c., for drainage 
they shall be fitted with tubes projecting 1 inch above the plate, in order 
to prevent the coating of the asphalve from running into and choking the 
holes, 
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STEEL. 


16. All rolled stcel must be homogeneous in character, free from surface 
defects, and capable of resisting a tensile strain of not less than 30 tons per 
square inch of section. It must show a contraction of area at the point of 
fracture of not less than 40 per cent. of the original area. The elongation 
before fracturc shall be from 15 to 20 per cent. in a length of 10 inches. 
All steel must be unnealed before leaving the maker's works. The tests for 
steel are to be conducted in the same manner as provided for wrought iron. 


MAINTENANCE, 


17. Maintenance,—The whole of the bridge work is to be maintained 
by the contractor at his own cost for twelve calendar months after the 
epee of the railway, in good order and condition, and to the satisfaction 
of the engincer, without any intcrruption to the traffic on the railway; and 
all materials, workmanship, and labour of any kind whatever, which are 
requisite for such maintenance of works and permanent way, are to be fur- 
nished by the contractor at his own cest ; and the work is to be delivered 
up by the contractor, in such good order and condition, as shall be satis- 
factory to the engineer; and should it happen that any work of repair or 
renewal is in course of execution at the expiration of the said twelve 
months, such work is, nevertheless, to be completed by the contractor at 
his own cost. 


LANCASHIRE AND YORKSHIRE Raitbway COMPANY. 
Specification of Ironwork. 


1. Wrought [ron.—The plates, bars, tees, angle-irons, &c., are to be 
of the best quality and all of British manufacture, capable of bearing the 
following strains :— 

That for plates lengthwise, 21 tuns per square inch; contraction of area 
at point of fracture 8 per cent. 

‘hat for plates crosswise, 17 tous per square inch ; contraction of area at 
point of fracture 4 per cent. 

That for angle- and tee-irons, 22 tons per square inch; contraction of 
area at ear of fracture 15 per cent. 

That for flat bars, 23 tons per square inch; contraction of area at point 
of fracture 20 per cent. 

That for round bars up to 1} inches diameter, 21 tons per square inch ; 
contraction of area at point of fracture 17 per cent. 

That for round bars above 14 inches diametcr, 20 tons per square inch ; 
contraction of area at point of fracture 15 per cent. 

Should any of the tests be lower than 1 per cent. of the above strains 
they will be rejected. Each test shall be taken independently, and no 
average of results taken. 


2. Testing.—All the ironwork will be subjected to such teste as the 
es may direct, at the contractor's expenso; and should any parts fail 
or be broken in the testing, or be objected to on account of workman. 
wa es materials, the contractor must replace the same at his own cost. 

e engineer must be advised in writing when any considerable quantity 
of iron is m the:comtractor’s works. 
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8. Setting Out.—Before any setting out is done, each plate must pass 
through the rolls three times, the first bending toa curve, and the following 
ones straightening. 


4. Planing, Punching, and als tap: plates (and bars if used 
instead of plates) shall be machine-planed on all edges, and the joints 
in every case shall butt evenly, This also applies to flooring plates, 
which must butt all along their four sides to the adjacent plates. When 
the flange is formed of more than one plate in thickness, each plate must be 
laned to the same width, and finish straight with the others. All rivet- 
1oles, except those specitied to be drilled, shall be truly punched with the 
overlapping plates, tees, or angles; and where the holes in flanges are 
specified to be drilled, the whole of the plates must be put together and 
drilled through solid (no smaller holes having becn previously punched), 
after which the sharp arris around each hole shall be taken off before 
any rivetting is commenced. 

Che rivet-holes in all diagonal and vertical bracings in lattice girders, and 
cross-bracing or tees in solid-web girders, shall be drilled and not punched; 
and all tee-iron stiffeners or gussets and angle irons shall be dressed-off flush 
with the flanges top and bottom, and each must be made to template length 
in order that the flanges may be quite straight and withont wave in any 
way. 


5. Rivetting.—No rivetting will be allowed until the whole girder is 
put together, and no drifting will be permitted. All rivets shall be of the 
sizes and pitch shown on the drawings, and must be upset throughout their 
whole length, and entirely fill all the hole. 

All rivets that are not horizontal, and that are in a position admitting of 
it shail be upset throughout the whole length of the work. All rivet-heads 
shall be of the proper size, and shall be carefully snapped, both heads 
bedding truly on the plates, and their centres coinciding with the centre line 
of the rivet. Any found loose or imperfect in any way whatever must be 
cut out and replaced at the contractor's expense. All the wrought iron- 
work shall be well oiled before commencing to build the girders. 

All rivets on bearings, and wherever required by the engineer, shall be 
¢eountersunk, and all countersunk rivets shall have their holes cut to the 
proper shape to form a strong head, and in no case must the taper of the 
punch be taken as a sufficient a We for the head. 

All bolts and nuts shall be of the best scrap iron, and shall have a strong 
and chased head cut upon them of uniform pitch. Heads and nuts must be 
hexagonal, and the nuts shall have a washcr under each, and when screwed 
up shall have a clear thread standing through. In roof work, or where 
specified, all bolt holes shall be drilled true to template, and the arrises 
taken off, and the bolts shall be turned. All bolts and nuts, and the 
screwed ends of the rods, &c., shall be made to Whitworth’s standard, 


6. Cast-Iron Work.—The metal for the tastings shall be of such a 
mixture of irons as is best adapted for the purpose, and shall be such that 
a bar 1 inch square and 4) feet between the supports shall bear without 
fracture not less than 550 Ibs. in the centre. The castings, when cold, 
must be of the pattern and dimensions shown on the drawings, and shall 
be cast smooth, with sbarp arrises, and free from air-blows, twists, and 
flaws of every description. The edges of all road plates, as well as.all 
joints and bearing areas, shall be planed to an even surface. 
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7. Testing Cast Iron.—The contractor shall provide for the use of the 
engineer, for testing pu s, bars, each 5 ft. oe and ] in. square (giving 
an exact sectional area of 1 in.); four shall be cast for each girder, &c., from 
the same metal and melting as the girders, &c., are being run. 

Should any of the tests be lower than 1 per cent. of the above strains 
they will be ee Fach test shall be taken independently, and no 
averages of results taken. 


8. Columns.—All columns shall be cast vertically, and in dry sand, a 
head of metal being left on each casting ; and for the purpose of gauging the 
thickness of the metal, small holes shall be drilled in the column where 
directed, and the thickness of metal shall be uniform in all parts of the 
circumference. These holes shall be afterwards filled up at the expense of 
the contractor. 


9. Dimensions and Weights.—The whole of the iron work shall be 
made of the exact dimensions shown on the respective drawings; any iron 
work made of less dimensions than those shown on the drawings will be 
rejected, and any excess of weight caused by the given dimensions having 
been exceeded will not be paid for. Before being sent out to the works the 
whole must be carefully erected and fitted together in the maker’s a 
and each piece numbered or lettered, so as to come together again and cor- 
respond when being permanently fixed in position. 


10. Steel Rollers.—If steel rollers for expansion are used, they must 
be of the best quality steel, and shall be truly turned on every face, each 
roller being of the same diameter in order to insure a perfect bearing ; care 
being taken that room is left at each end for the girders to expand or con- 
tract, and that the frame is left in the centre of the space between the angle 
iron stops when the girder is brought to bear upon the rollers, Shiding 
plates for expansion must be planed on their faces of sliding contact. 


11. Steel.—The quality of steel shall be such that the tensile strength 
be not less than 26 tons per square inch, with an elongation of not less than 
20 per cent. in a length of 8 inches. The work when finished shall be of 
the best description, the steel being of Landore, Siemens Steel Company, 
Bolton Iron and Stcel Company, West Cumberland Iron and Stcel Company, 
Colville and Company, Motherwell, Butterley Company, or Steel Company 
of Scotland manufacture. 


12. Painting Iron Work.—The inner surfaces of all plates, bars, &c., 
which are to be rivetted together, shall be well coated whilst hot with best 
common black paint before joining. The whole cast- and wrought-iron work 
shall have four coats of approved colours when completed. 

The underside of all girders and road plates, where directed, shall have. 
four coats of best common oil paint on the completion of the bridge. 

The iron work shall not be painted before an examination of it has been 
made by or under the orders of the engineer, who must be apprised in 
writing when it is ready. 


13. Seating to Girders —All girders shall have seatings of the best 
hair felt, graduated in lengths so as to insure the pressure being on the 
centre of bearing when the greatest load is on the girder. 

The cast-iron bed plates and columns shall have seatings of 8 Ibs. lead for 
the full length of their bearings on masonry. 
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SEcTIONAL AREAS OF ANGLES IN SQUARE INCHES. 

















P| 

33 

2S Thickness in Inches. 

0.4 

a 

A | 
Qe! xo i 3 3 qa 4 1b 3 ts | ¥ 1 | g 
] °340/ °438/ 528) °610! -684] °750 

14] “484; °563) 654] +797] -903]1-00 | 1-09 

14] ‘527; *688} -831} “985/112 11°25 | 1-37)1°48 


13) G21) 813) “O87; 1-1) 11°34 [1°50 | 165/179, 1-93 
2 | 715) °9388)1°15 (1:36 (1:56 [1°75 |1:9312°11]2- 


to 
~1 


2}; °§09)1 06 (1°31 [1°55 {1°78 | 2°00 | 2°21/ 2-42) 2-62/ 2°81 
¥} “90211719 (146 [1°73 (2°00 42°25 | 2°49) 2°73) 2-9613 18 
23! -996)1°31 | 1-62 [1-92 (2-21 {2°30 |2-78/3 05)3°31 {3-56 
3 {1°09 (1:44 [1°78 [2:11 (2-43 (2°75 [3-06 | 3°36 | 3°65 | 3-93 | 4°21 
33/115 (1:56 |1°93 |2°30 | 2°65 13°00 | 3°34) 3-67 | 3°99! 4°3114°62 
34/1°28 (1°69 | 2°09 12°48 12°87 (3°25 |3:62/3°98/ 4°34] 4°68) 5°03 


4 (1°46 (1°94 (2°40 [2°86 [3:31 [3°75 | 4:18 (4°62 | 5°02) 5°43 | 5°S4/6°23 


32/137 [1°81 (2°25 |2°67 | 3:09 13°50 | 3°90) 4°29 | 4°68 | 5:06 - 
44/1:56 (2°06 (2°56 13°05 13°52 |4°00 | 4:46) 4°92 | 5°37 / 5°81 A eli 
44/165 {1:19 (2°71 | 3°23 (3°74 [4°25 | 4°75) 5°23) 5°71) 6°18 /6°65/ 7°11 
43/1°75 (2°31 [2°87 [3°42 (3°95 [4°50 | 5-03 | 5°54 / 6-06 | 6°56) 7-06 |7°55 
& {1:84 (2-44 (3°03 (3°61 [4:18 [4°75 | 5°31 | 5:86 | 6°40 | 6°93 | 7-46 7°88 
53/193 [2°56 (3:18 {3°80 14°40 (5°00 |5°59/ 6°17 | 6°74) 7°31 7°87 |8°42 
54/203 |2°69 |3:34 |3°‘98 | 4°62 [5°25 |5-87|6°48| 7°09) 7°68) 8°28 8-86 
53) 2:12 |2°81 (3°50 [4°17 [4°84 15°50 | 6°15 | 6°80) 7°43 | 8-06 8°68 9:30 


g (2-21 (2°95 13°65 14°36 15-06 [5°75 |6-43/7-0117-77 18°43 9-09 9°73) 
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Wercaut or Sree, Anoies rn Lag, per Foor. 





Thickneas in Inches. 





iasensithetieeterteeeinemententtinenid 


| 
Y6 Ry rg 4 Sy 3 $4 


L 115/148) 1:79) 2°07 | 2°32) 2°55 
1}11°47) 1°91) 2°32) 2°70) 3:07! 3:39) 3°70 





Length of each 
side in Inehes. 


4, 
Pd 
ae 











| 
| 
| 


14/1°79} 2°34; 285) 334) BSL] 4°25) 4°65 5-04 
1$/211}2 77) 338) 3°07) 4:55) 5°10; 561} 6°10) 6°56 
656) 717) 7-73 

752} 8°23} §:89| 9°55 



















2 12°42;3:19) 3:91) 462) 5°30) 5°94 





2119-74/3-62| 4-441 5-25) 6-04) 6-79 
2113-06/4-03| 4:97| 5:89| 6-79] 765 
9313-38|4-46| 5°30] 652] 7°53] 8-49 
3 137014881 6-04) 7°17 8-27] 9-35} 10-39} 11-41 | 12-41 | 13-38 | 14°43 





8:47; 9:29) 10°06 { 10°83 
9°43 | 10°35 | 11°24} 12 10 


ae 





341 4°01/5°31| 6°57! 7:80} 9°01 | 10°20) 11°35 at ee eo 15°71 
3} |4°33/5°73} 7-10} 8-44] 9-76] 11-04] 12-30 | 13-34 | 14-74 | 15-93 | 17-09 
331 4:6616-16] 7°63| 9°07/ 10°50 | 11°89 | 13-26 14-60 115-91 | 17-20 19°48 
4 1497/1658] 8:17} 9°72] 11-25] 12°75} 14-21 15°65 |17-08 13-43 | 19°85 
| 44) 5:20) 7-01 | 8-721 10 35} 11-90] 13°59) 15:17) 16-72 | 18 24 19-75 | 21-23 
4415611 7°43) 9-23/ 10-99] 12°73| 14-44! 16-12 | 17°79 | 19-42 | 21-03 | 22-62 
43/6-93|7°SG| 9-76] 11-62| 13-48] 15-30) 17-08 | 18-85 | 20-58 | 22-30 | 24-00 
5 | 6-25 | 8-29 | 10-29 | 19-27 | 14-22 | 16-14 | 18-04 | 19-92 | 21-76 | 23-58 | 25 38 
64 | 6°56 | 8°72 | 10-82 | 12-90 | 14-97 | 16-99 | 19-00 | 20-98 | 22-93 | 24-85 | 26°76 
| 54 | 6°88 | 9°13 | 11°36 | 13°54 | 18°71 | 17°88 | 19°95 | 22-04 | 24-10 | 26-13 | 28°15 | 90°12 
537-211 9°56 | 11°89 | 14°17 | 16-46 | 18-69 | 20-91 | 23-11 | 25-27 | 27°40 | 29°52 | 31-60 
6 |7-5219°98 | 12-42 | 14-921 17-20 | 19-55 | 21°86 | 24-17 | 26-43 | 28-68 | 30-201 93-00 





22°68 | 
24°16 
25°65 
27°14 
28 ‘63 
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Wereat or Sree: Friar Bars 1n Las. ver Foor. 





sate ens 


Thickness in Inches, 


De aamaaaiaennmemenmeaes aoliiadi teat ee 








2°23 | 2°35 


241 | 2°76 


2°86 | 3:19| 3°82 
3°09! 345° 4-15 
3°33 | 372, 4:46 





8:19 | 9°36 
8:56 | 9°79 
8:93 | 10°22 


10°52 | 11°70 | 14°04 
11-01 | 12:24 | 14°68 
11°48 | 12°78 | 15°33 


260 | 2:97 

2:79 | 3:19] 3°57| 3-98) 4°78 
297 | 340] 3°82) 4:25) 5-11 
3:16 | 362] 405) 4:51} 5-42 
3°34 | 3:33} 4°28] 4:78! 5:74 
3°53 | 4:03] 4:52!) 5-04) 6:06 
372 | 4:25) 4°77! 5:31 | 6°38 
390 | 4:46] 5°02] 5-57) 6-70 
409 | 4°68) 525] 5°85) 7-01 
428 | 4°89) 5:30] 6:12! 7°34 
446 | S11) 5°74) 638) 7-66 
4°83 | 5°53} 6-21] 6:91) 8°30 
5-21 | 5°95) 669] 7:44) 893 
557 | 6°38!) 7:17] 7°97} 9°37 
5°95 | 681; 7°65] 851/10 22 
6:33 | 7:23} 8121 9:04! 10°85 
670 | 7°66! 860) 957) 11-49 
7°07 | 8:08] 907] 10-10} 12-12 
7:44 | 8:51) 9°56 | 10°64 | 12°77 
7°82 | 8-93} 10°03 | 11°17 | 13°40 


weitlelea | , 
1°48 1:70; 1°90; 21vz! 2°35 
1°67 190) 2°13) 2°38! 2°86 
1°85 2-12; 2°38{ 265! 3°19 
2-04 2°33; 2°61) 2:92) 3:50 
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Wericur or Wrovant Iron Square ann Rounp Bars 
PER LINEAL Foor In LBs. 


ee 





Side or Side or 








Diameter Square Bars. | Round Bars. Diameter Square Bars. | Round Bars. 
i 209 ‘164 24 15 08 11°84 
ts "326 256 2} 16°91 13 27 
3 ‘470 369 23 18°84 14°79 
vs :640 "502 21 20°87 16°39 
j ‘835 ‘656 26 23°11 18°07 
= 1057 $31 28 25°26 19°84 
$ 1305 1°025 ya 27°61 21 68 
34 1579 1-241 3 30:07 23°60 
i 1879 1-476 34 35:28 27°70 
33 2-205 1-732 3} 40°91 32°13 
5 2556 2011 33 46°97 36°89 
i$ 2-936 2306 4 63:44 41:97 
l 3°34 2°62 4} 60°32 4738 
1 4-22 3°32 44 67°63 53°12 
1} 525 4:09 43 75°35 59°18 
13 6-35 4°96 5 83°51 65°58 
14 7°51 5-80 5} 92:46 72°30 
1g 8°82 6-92 5t 101-03 79°35 
13 10-29 8°03 5} 110°43 86°73 
i 11°74 9-22 6 120-24 94°43 


2 13-36 10°49 } 7 163 ‘66 128 ‘53 
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Weicut or Aa LINEAL Foot or Cast-Iron Pires in Lus. 


——aewery 
’ 


Thickness of Metal in Inches. 














Diameter | 
of Bore in eee aes: Caan 
ca ae ae ae ee a ee a | ‘ | 1] uf ab | 

] 3°] 5:1 7°41 10°0 | 12°9 | 16:1 | 196 | 23°5 276 


14 371 GO| 86 | 11-5 | 14:7 | 18-3 | 22: | 262 | 30°7 
1d 43 { 69 | 9S | 13-0 | 16-6 | 20-4 | 245 | 29:0 | 337 
1} 491 78 | 11:1 | 146 | 184 | 226 | 27-0 | 31:8 | 36:8 
2 5:5 | 8:8 | 12:3 | 161 | 20°3 | 24-7 | 29°5 | 34:5 | 39:9 
QL 61 | 9:7 | 13:5 | 17°6 | 22:1 | 26-8 | 31°9 | 37:3 | 43-0 
2h 67 | 10:6 | 14-7 | 19°2 | 23-9 | 28-9 | 34-4 | 40-0 | 460 
2% 7-4} 11:5 | 16-0 | 20-7 | 25-7 | 311 | 36-8 | 42°8 | 49-1 
3 $0 | 124 | 17:2 | 22:2 | 27-6 | 33°3 | 39°3 | 45-6 | 52-2 
3} 86 | 13°3 | 184 | 238 | 29:5 | 35-4 | 41:7 | 48-3 | 55-2 
3} 9-2 | 14-2 | 19°6 | 25°3 | 31:3 | 37-6 | 44:2 | 51-1 | 58-3 
33 9:8 | 152 | 20°9 | 26°9 | 33:1 | 39-7 | 466 | 53-8 | 61-4 
4 10-4 | 161 | 22:1 | 28-4 | 35-0 | 41°9 | 49°71 | 56-6 | 64:4 
4} 11-1 | 17:1 | 23-4 | 30-0 | 36°9 | 44:1 | 51-6 | 59-4 | 67°6 
4p | 11'7 | 18°0 | 24:5 | 31-4 | 38-7 | 46-2 | 54:0 | 62-1 | 70°6 
43 12°3 | 18°9 | 25-8 | 33-0 | 40:5 | 45:3 | 56-5 | 64:9 | 73°6 
5 129 | 19°8 | 27-0 | 34:5 | 42°3 | 50°5 | 58-9 | 67°6 | 76-7 
54 13°5 | 20°7 | 28-2 | 36-1 | 44:2 | 52°6 | 61-4 | 70-4 | 79°8 
5k | «14-1: | 21°6 | 29°5 | 37°6 | 460 | 54°38 | 638 | 73-2 | 82°8 
53 14:7 | 22°6 | 30-7 | 39:1 | 47°9 | 56-9 | 66-3 | 76-0 | 85-9 
6 153 | 23-5 | 31-9 | 40°7 | 49°7 | 59-1 | 68-7 | 78°7 | 88-8 
6t | 160 | 24-4 |} 33-1 | 42-2 | 515 | 61-2 | 71-2 | 81-2] 920 
64 | 166 | 25°3 | 34-4 | 43-7 | 63-4 | 63-4 | 73-4 | 84-2 | 95-1 
6Y | 17-2 | 26-2 | 35-6 | 45-3 | 55-2 | 65-3 | 76:1 | 870 | 98-2 
7 17°8 | 27°2 | 36:8 | 46-8 | 56°8 | 67°7 | 78:5 | 89°7 | 101-2 
Ti | 18-4 | 28-1 | 38-1 | 48-1 | 58°9 | 698 | 81-0 | 925 | 1043 
74 | 19°0 | 29-0 | 3971 | 49-9 | 60-7 | 72-0 | 83:5 | 95:3 | 107-4 
7% | 19° | 29-7 | 40°5 | 51-4 | 62-6 | 74:1 | 85-9 | 980 | 1103 
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{ 








Diameter | 
ee } : 
| , | 3 | 
5 ce 
8 | 20-0 | 30°S 
8} | 209 | 31-7 
8S 21:7 | 32-9 
$3 | 92:1 | 33°6 
9 92-7 | 34:5 
9} | 93:3 | 35-4 
91 | 23-9 | 36-4 
93 24°G6 | 37°3 
10 | 25-2 | 38-2 
10; | 25-8 | 39°71 
10; | 26-4 | 40-0 
102 | 27-0 | 41-0 
1 76 | 41-9 
113 982 | 42- 
V4 + | 28-8 | 43-7 
113 | 99°35 | 44°6 
12 30:1 | 45°6 
os 
14 
15 
16 
17 
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Foot of Cast-Iron Pires 1x Ls. (continued). 


eee ome 


Thickness of Metal in Inches. 


| 
4 


reece er 


41°7 
43°0 
444 
4.5 +4 
46 6 
47°9 
49°} 
50°3 
51'S 
528 
54°0 
50°2 
56°35 
O77 
58°9 
601 
61-4 


3 


92 °9 
d4°d 
56°2 
57'5 
59:1 
60°6 
62° 
63°7 
65°2 
66°7 
68 3 
69°8 
71:3 
72°9 
TA4 
199 
73 
82°7 
89°3 
95°2 











; 4 1 
64-41 76-2! 88-4 
66°31 78°41 90°8 
68-°3| 80-8} 93-5 
700} 82°7) 95°7 
718} 848!) 932 
73°6| 87-0} 1006 
13° 80'1 | 103: 
77°3 | 91-3 | 105-5 
79-2 ia 4 1080 
81-0} 95-6} 110-4 
26] 97-7) 1129 
$47) 99-9] 115-4 
86-3 | 102-0 | 117°8 
85-4} 104-2 | 120°3 
90-2 | 1063 | 122-7 
92-0} 1085 | 125-2 
93°6 | 110 6 | 127°6 
101-21 118 2) 137-4 
108-2) 126°5 | 146 2 
115-7 | 135-3: 156-2 
123°3 | 143-1 | 166-1 
130°2 | 152°5 178°5 
137 0 | 161-2 | 185-3 
169°2 | 195-7 
178-1 | 205-2 
91471 
223-0 
233-4 
| 245-2 


101)°3 
103°5 
106° 
109°1 
111°8 
114°6 
\7*4 
120:1 
{22:8 
125°6 
1284 
131°2 
133°9 
136 7 
139°4 
142-2 
| 145°0 
}54°] 
1653 
176°2 
187° 
198°2 
| 209°] 
222°3 
233'2 
2435 
254°8 
265'3 
277°5 


13:3 
116°6 
1199 
122 
125 8 
128°9 
1319 
135°0 
138°] 
141°1 
144°2 
147°3 
150°3 
153'4 
L564 
159°5 
162°6 
173°5 
185-2 
198°] 
211° 
223-4 
235-6 
247°) 
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Abutments of bridges, 52, 419. 
Admiralty meee tests for steel, 
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ne (French) es 39. 
American experiments on iron and 
stec! struts, 211. 
re rules for proportions of 
forged eyes, 389, 
ne ,, for wind-pressure, 
IU, 
Angle bars, sectional area of, 489. 
», iron and steel struts, strength 
of, 209, 211, 212. 
Annealing chains, 474. 
y forgings, 34. 
a8 iron wire, 34. 
re punched plates, 395, 396. 
is steel, 40. 
Arched ribs for roots, 352. 
Arches, braced, 307, 322-318. 

»,  @ffect of changes of temper- 
ature on, 307, 
hinging, 308-315, 

adeded. 

» linear, 308. 

» rigid, 308. 

»» stresses on, 307-318. 
Asphalte, weight of, 407. 
Atmospheric action on galvanised 

sheets, 338. 
Auxiliary girders 
bridges, 459. 
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in suspension 


B. 


Bars exposed to moving loads, 411. 
»> imtermittent loads on, 22. 
»» transverse strength of cast- 
iron, 166, 167, 168. 


Bascules, 457. 
Beams, bending moments in, 66-121. 
» Classification of, 51. 
»+, continuous, 52, 61, 103. 
of uniform section, 
63, 104. 
of uniformstreneth, 
66, 107. 
» deflection of, 13, 368. 
for moving loads, 
412. | 
. fixed at the ends, 91. 
» internal stresses in fibres of, 
151. 
55 Of various sections, moment 
of inertia of, 149. 
», shearing stresses in, 121-136, 
» solid, discrepancies in 
strength of, 162. 
Bearing surfaces, 190, 416, 421. 
Bending moments in heams fixed at 
the ends, 91, 
Bending momeuts in beams with in- 
termediate supports, 95. 
Bending moments in cantilevers, $4- 
90. 
in continuous 
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peanig, 103. 
de 5 in sinple beains for 
tixed loads, 66-84, 
‘ in simple beamsfor 


moving loads, 
130-12). 
Birmingham wire gauge, 358. 
Board of Trade niles for stresses in 
cast-iron bridges, 416. 
Board of Trade rules for stresses in 
wrought-iron bridges, 417. 
Board of Trade rules for stresses in 
steel bridges, 418, 
Board of Trade rules for wind- 
pressure, 466. | 
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Bollman trusses, defects of, 222. 


ie stresses in, 214, 
Bow’s method of lettering diagrams, 
237. 


Bowstring girders, relative economy 
9 
stresses in, 277. 
used as arches, 
308. 
v roof trusses, 340, 
Box girders, 429. 
Braced arches, 307, 312-318. 
» girders, 214. 
»»  semi-arches, 315. 
Braces, 214. 
Bracing, wind, for roofs, 352. 
Brickwork, weight of, 10, 407. 
Bridges, cantilever, 403. 
» cast-iron, 425. 
working stresses 
on, 415. 
», different kinds of, 402, 
+» dimensions of, 405. 
re erection of, 476. 
» exposed to loads in rapid 
motion, 411. 
» floors of (iron and_ steel), 
435. 
me es (timber), 434. 
», lifting, 459. 
»» loads on, 405. 
», longitudinal stresses in, 414. 
»» Movable, 456. 
9» particulars required for de- 
signing, 403. 
»» Platforms of, 430. 
+ pontoon, 459. 
»» public road, loada on, 407. 
»»  Tail-bearers of, 433. 
» railway, loads on, 408. 
» side stresses on, 413. 
steel, working stresses on, 
418. 
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3, Stresses on, from centrifugal 
force, 413. 

»» suspension, 443, 

»  8swing, 457, 

» traversing, 459. 

» weight of, 459. 

wrought-iron and steel, 426. 
»  Wrought-iron and steel, 

working stresses on, 417. 
Buckled plates, 437-439. 
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C. 
Cables of suspension bridges, 451, 
453 


Caissons, 420. 
Camber in girders, 370. 
Cantilevers, 52. 
bending moments in, 84, 
- shearing stresses in, 127, 
Castings, A paras superiorstrength 
of, 31. 
chilled, superior strength 
of, 29. 
relative strength of small 
and large, 28, 
34 steel, 39. 
Cast-iron girders, proportions, 425. 
strength of, 29, 30, 
483, 487. 
», flooring plates, 435. 
>», pipes, weight of, 493. 
» unreliable nature of, 27. 
- varieties of, 27, 
»» working stresses on, 196, 
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59 
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416. 
Catenary curve, 443. 
Centre of gravity of es surfaces, 
136. 
practical method 
of finding, 139. 
Centrifugal force, 413. 
Chains, close-link and studded-link, 
4 
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73. 
», fatigue of, 473. 
», ultimate strength, proof 
stress, and working stress 
of, 474. 

55 Weight of, 475. 
Clay, weight of, 10. 
Coefficient of expansion for increase 

of temperature, 36. 
Coffer-dams, 420. 
Columns, cast-iron, 188-204, 
a casting of, 197. 

Gordon’s rules for strength 

of, 198, 202, 205, 212. 
»»  Hodgkinaon’s rules _ for, 

190, 202. 

» long, 188, 189, 190. 
. of medium length, 188. 
ss of -+ and H-section, 198, 
a sad of cast-iron, 
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Columns, sso s rules for, 203- 
06 


», safe working load on, 196. 

ee short, 188. 

ss steel, 212-214, 

“a with rounded and flat 

ends, 189. 
wrought-iron, 204-211, 
Compound girders of iron and steel, 
427. 


Concrete, weight of, 407. 

Continuous girders, ambiguity of 
stresses in, 
62. 

points of in- 
flexion in, 
104. 

relative econ- 
omy of, 462. 

Corrosion in iron and steel, 357, 428, 
456. 

Corrugated iron covering for roofs, 
356. 

flooring for bridges, 
439. 
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Cotters, 390-392. 
Counterbracing lattice girders, 276. 
Covers for joints in girders, 386. 
Cranes, derrick, 299, 470. 

jib, 291. 

ss ttice, 305. 

» Scotch, 299, 471. 

is wharf, 304. 

with rolling loads, 301. 

Cross- girders, 417, 432. 

+ weight of, 433. 
Crushing strength of steel, 37. 
Curved road plates, 435. 

1, _ roof trusses, 339. 
Cylinders for piers, 423. 


D. 
Deflection of beams and girders, 
13, 365. 


Deflection of beams and girders, a 
means of determining the modulus 
of elasticity, 12. 

Deflection of beams and girders, 
amount of, not affected by kind 
of web, 366. 

Depth of girders, 426, 427. 
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Derrick crane, 299, 470. 
Desiccating process for seasoning 
timber, 56 
Diagrams of bending moments, 69-74, 
80-82, 85-99, 106, 115. 
% shearing stresses, 121- 
135. 
ee stress for Bollman truss, 
18 


braced arches, 
313, 316, 317. 
braced girders 
with curved 
flanges, 278, 
284, 288, 289. 
Linville trusses, 
264, 273. 
roof trusses, 
322, 324, 325, 
327, 329-343. 
suspension 
bridges, 444, 
448, 450. 
Warren girders, 
234, 238, 244, 
248, 250, 251, 
256. 
7 aad car a 
44 
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Drilling iron and steel plates, 395. 
», weakening effect of, 393. 
Driving piles, 420. 
Dynamic effect of loads on beams, 
411-415. 


E. 


Earth, weight of, 10. 

Economy (relative) of bridges of 
different designs, 462. 

Elasticity, a measure of strength, 


a Hooke’s law of, 12. 
- limits of, 11. 
- modulus of, E, 12, 
of steel, 38. 
Engines (railway), weight of, 408. 
Equilibrium, 44. 
i curve of, in rigid arches, 


” of three forces, 45. 
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Erection of bridges, 476. 

by building out, 
480. 

by floating 478. 

by rolling over, 
479. 

upon staging, 
478 
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Erection of buildings, 481. 
», coast of, 481. 
Expansion due to increase of tem- 
perature, 35, 307. 
Experiments by Wohler, 23. 
on eye-bara, 388, 390. 
on iron bars, 22, 166. 
on punching and drilling 
plates, 393-396. 
on thestrength of rivets, 
401 


99 
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be 


on wrought-iron co- 
lumns, 208. 

on wrought-iron plates 
and bars, 32, 35. 

on wrought-iron struts 
(Christie), 211, 212. 

a loads on structures, ], 52, 
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Eye-bars, best proportions of, 388. 
ae of American engineers, 
89. 
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F, 


Factor of safety, 16, 17, 415. 
for cast-iron co- 
luinns, 196. 

Fatigue of chains, 473. 

¥ materials, 2}. 
Felt covering for roofs, 362. 
Fink truss, 225-233. 
Fish-bellied girders, 286. 
Flanges of girdera, 426. 
Flooring, iron, of bridges, 435. 
Lindsay’s patent, 439-443. 
», timber, for bridges, 434. 

3 ee and corrugated, 439- 

443, 485. 

Floors of buildings, loads on, 182. 
Forces, compressive and tensile, 43. 
mechanical, 42. 
resolution of, 47. 
supporting, of beams, 52-61. 
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| Forces, supporting, of continuous 
ms, 61-66. 
Forth bridge, stresses on, 463. 
Foundations, timber, 419. 
French rules for strength of steel, 
39 


for working stresses on 
cast-iron, 416 

for working stresses on 
wrought-iron _ rail- 
way bridges, 418. 
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G. 
Galvanising iron sheets for roofs, 
357. 


Girders, auxiliary, for suspension 
bridges, 455. 

bowstring, 277, 340, 461. 

box, 429. 

camber of, 370. 

cantilever, 52, 84-103, 127- 
13 


0. 
continuous, 52, 61-66, 103- 
110, 462. 
cross, of bridges, 417, 432, 
curved, 277. 
deflection of, 13, 368, 412. 
depth of, 426. 
lattice, 258. 
Linville, 262-276. 
of different materials in 
combination, 427, 
of uniform section, 65, 91, 
10 


» strength, 66,107. 

plate-web, 427, 

rolled, 180-186, 429. 

tubular, 430. 

Warren, 233-258. 

» weight of, 459. 

Glass covering for roofs, 362. 

Gordon’s rules for the strength of 
columns, 198, 202, 205, 212. 

Government rules. See ‘Board of | 
Trade.” 

Granite, weight of, 9, 407, 

Graphic system as applied to struc- 
tures, 45, 

Gravity, centre of, 136. 

Gyration, radius of, 203-209. 
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H. 


Heat, effect of. See ‘‘Expansion.” 
Hemp ropes, 471. 

Hinges in arched ribs, 308-315, 353. 
», in auxiliary girders, 454. 
Hodgkinson’s rules for the strength 

of columns, 190, 202. 
Hooke’s law of elasticity, 12. 
Hydraulic pressure applied to steel, 
40) 


$3 rivetters, 399. 


I. 


Impaet, effects of, 21-24. 
Inertia, moment of, 140. 
tableof, for beams 
of different 
sections, 149- 
151. 
Inflexion, points of, 103. 
Intermediate bearers of bridges, 433. 
Iron, cast, as used in structures, 27. 
» 9 Strength of, 28-31. 
»» corrosion of, 357, 428, 456. 
+) wire, 34, 
», Wrought, as used in structures, 
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strength of, 32-35. 
testing, 3). 
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Jib cranes, 291. 
Joints, butt, 382. 
» by cotters, 390. 
» by pins, 387. 
» in flanges of girders, 385. 
»» lap, 377. 
» proportions of, 379. 
relative economy of, 381. 


Joists, rolled, 180, 429. 


K. 


Kennedy’s experiments on per- 
forated plates, 396. 
King-posts in timber roof, 364. 
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L. 


Lap-joints, strength of, 377. 
rev adhesion of fibres, theory of, 

64. 
Lattice crane, 305. 

»» girders, camber in, 373. 
different types of, 

258. 
Lead-covering for roofs, 362. 
Lever, principle of, 44. 
Lifting-bridges, 459. 
Limestone, weight of, 9, 407. 
Lindsay’s steel flooring, 439-443. 
Linear arches, 308. 
Line of pressures in arches, 308. 
Links of suspension bridges, 387, 

45}. 
Linville truss, 202-276. 
Lloyd’s tests for steel ship-plates, 39. 
Loads, concentrated, 53. 

», ead, 17, 346, 407. 

», external, on structures, 1, 52, 

292 


3) Be) 


,, intermittent, 17, 22, 23. 

»y live, 17, 346, 407, 408. 

»» Moving, travelling, or rolling, 
110 


», on floors of buildings. 182. 
», On railway bridges, 408-412, 
» on road bridges, 404-408. 

» on roofs, 346-349. 

» uniformly distributed, 53. 


Macadam, weight of, 407. 

Materials used in structures, 25. 

Measurementof stressesand strains, 3. 

Mechanical laws relating to stresses, 
4). 

Modulus of elasticity, E, 12. 

methods of 

oe 

2 


table of, for 
different ma- 
terials, 14, 
», Of resilience, 20. 
» of rupture, f, 164. 
Moment, bending, See ‘ Bend- 
ing moment,” 
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Moment of inertia, 140-151. 
» of resistance, 153. 

for different 
beams, 1i4- 
162. 

Moments, principle of, 43. 

Mortar, weight of, 10. 

Movable bridges, different kinds of, 
456-459. 
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Neutral axis in beams, 153. 
as surface in beams, 152. 


0. 


Oak, strength of, 26. 
», weight of, 9, 407. 
Oscillations in suspension bridges, 


454. 
Over bridges, dimensions of, 405. 


P, 


Painting iron and stee) structures, 
358, 361, 430, 456, 483, 485, 488. 

Panels of lattice girders, 233. 

Parabolic curve, 443. 

Parallelogram of forces, 45. 

Parker's experiments on punched 

and drilled plates, 395. 
Perforated plates, increased strength 

of, 396. 
Perforating plates, different methoda 

of, 392. 

Piers, braced, stresses on, 467. 

»» iron, 42)-424, 

»» masonry, 421, 

»» Of cast-iron cylinders, 423. 

» of screw piles, 423. 
Piles, screw, 421-423. 

» timber, 419. 

Pillars, See “Columns” 
‘¢ Struts,” 

Pine, weight of, 9, 407. 

Pins in single and double shear, 4. 

» shearing strength of, 388. 
Plate-girders, different forms of, 427. 
Platea, strength of, both with a? 

across the fibre, 32, 33. 


and 
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Platforms of bridges, 430. 
1 of railway bridges, weight 
of, 431. 
Pneumatic rivetters, 400. 
Points of inflexion or contrary 
flexure. See ‘ Inflexion.”’ 
Pressure of wind, 463-469. 
»,  requiredtoform rivet-heads, 
400. 
Principals of roofs. See ‘‘ Roof- 
trusses.” 
Proof loads and stresses, 18. 
ms on chains, 474. 
Public road bridges, dimensions of, 
405. 
- 5 loads on, 407. 
Punches and dies, relative sizes of, 
393. 
Punching iron plates, 393. 
4 steel plates, 395, 
» weakening effect of, 393. 


Q. 
Queen-posts in timber roofs, 364, 
365, 


R. 
Radius of gyration in strute, 203- 
209. 
Rafters, 349, 352. 


Rail-bearers of bridges, 432, 433, 
Railway bridges, dimensions relating 


to, 405, 406. 

ss loads on, 408-412. 

- longitudinal 
stresses on, 414. 

o long span, relative 
economy of, 461- 
463. 

‘s under 200 feet span, 
weight of, 46]. 

“ weigat of platforms 
of, 431. 

3 workingstresses on, 
415-419. 


Rankine’s formule for columns and 
long struts, 203-206. 
Resilience of bars, 19. 
‘< modulus of, 20. 
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Resistance, moment of, 153. 

Resolution of forces, 47. 

Rigid arches, 308, 

Rigidity in suspension bridges, 453, 
454. 


Ritter’s method of moments, 279. 
Rivet-heads, different forms of, 396. 


- methods of forming, 
398-401. 
5 pressure necessary for 
forming, 400. 
Rivets in single and double shear, 


375, 376. 
» iron, working stresses ou, 
»  Yrelativestrength of, in drilled 
and punched holes, 396. 
» Shearing strength of, 376. 
», steel, working stresses on, 
377. 
» strength of, putin by different 
machines, 401. 
Rivetted joints, strength of, 374-386. 
Rivetters, hydraulic, 399. 
. mechanical, 399. 
pneumatic, 400. 


steam, 399. ' 


a9 
Rivetting by hand, 399. 

: cost of, 399, 401. 
Road-hearers in bridges, 432. 
Road bridges, loads on, 407, 408. 
public, widths of, 405. 


9 
Rolled girders, 180-186, 429. 
” approximatestrength 
of, 184, 
is strength of, 180-184. 
= table of strengths, 
186. 


Rolling loads, 11). 
Roof coverings, 354. 
Roofs, loads on, 346-349. 
» timber, 363-365. 
» weight of snow on, 347. 
»» wind-bracing for, 352. 
9»  Wind-pressure on, 347. 
+) working stresses on, 354. 
Roof trusses, 319-354. 
9 cantilever, 329. 
“ French, 335. 
sé saw-tooth, 337. 
Ropes, preserving, 473. 
s9 strength of, 471, 472. 
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S. 


Safety, factor of. See ‘‘ Factor.” 
Sand, weight of, 10, 407. 
Sandstone, weight of, 9, 407. 
Screw-piles, 421-423. 

. methods of sinking, 422, 
Seasoning timber, 26. 
Semi-arch, braced, 315. 

», beams and semi-girders. 
‘* Cantilevers,” 
Set, temporary and permanent, 16. 
Shaler Smith’s experiments on eye- 
bars, 390. 
Shear, single and double, 4, 375. 
Shearing experiments, 35. 
3 forces in beams for fixed 
loads, 121-130. 
9 forces in beams for moving 
loads, 130-136. 
strength of cotters, 392. 
‘5 pins, 388. 


See 


‘3 rivets, 376, 
i steel, 37. 
4a wrought iron, 35. 


stresses in webs of plate- 
girders, 418, 427-43. 
Sheer-legs, 300, 471. 
Shoes of principals, 351. 
Side pressure on bridges, 413. 
Slates for roofs, 355. 
Snow, weight of, 347. 
Steel, Admiralty tests for, 38, 39. 
», advantages of, for bridge work, 
37. 
angle bars, weight of, 490. 
annealing, 40. 
Board of Trade rules for, 418. 
buckled plates, strength of, 
439. 
castings, 39. 
columns and struts, 212-214. 
crushing strength of, 37. 
elasticity of, 38. 
flat bars, weight of, 491. 
flooring plates, 435, 439-443. 
Lloyd’s rules forship-plates, 39. 
rivets, strength of, 377. 
rolled joists, strength of, 186. 
shearing strength of, 37. 
tensile strength of, 37-41, 486. 
treatment of, by hydraulic 
pressure, 40. 
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Steel nous for bridge floors, 439- 


» Wire, strength of, 453. 
», working stresses in, 418. 
Stiffeners to webs of plate-girders, 
428. 
Stiffening suspension bridges, 454. 
Strains, different kinds of, 2-5. 
Stresses, different kinds of, 2-5, 
internal, in beams, theory 
of, 151. 
measurement of, 3. 
on braced piers, 467, 
working, in cast-iron, 196, 


in chains, 474. 

in steel, 418, 

in timber, 419, 

in wrought-iron, 
417, 418. 

Struts, long, 7. See also ‘‘ Columns.” 

Suspension bridges, advantages and 
disadvantages 
of, 453. 

attachment of 
chains to piers, 
446, 

stiffening, 454, 

stress - diagrams 
of, 444, 450. 

si gerten rods 
ol, stresses on, 
448, 

with sloping sus- 
pension - rods, 
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Tay bridge, 414, 463. 
Tee struts, strength of, 200-212. 
Temperature, effects of. See ‘‘ Ex- 


pansion.” 
Tensile strength of cast iron, 29, 30. 
oi “ steel, 37-41. 
- ig timber, 26. 
- ¥ welds, 34. 


i - wire, 34, 453. 
; 9» | Wrought iron, 32. 
Testing wrought iron, 31. 
ie bars, main, of roof trusses, 350. 
Tiles for roofs, 356. 
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Timber flooring for bridges, 434. 

» foundations, 419, 

», Toots, 363-365. 

15 seasoning, 26. 

* strength of, 25, 26. 

», working stresses on, 419. 
Torsional stresses, 5. 
Trapezoidal truss, 222-224. 
Traversing bridges, 459. 
Triangle of forces, 47. 

Tripods, 301, 471. 
Trough flooring for bridges, 439. 
Truss, Bollman, 214-222, 
Fink, 225-233. 
Linville, 262-276. 
», roof, 319-354. 
» trapezoidal, 222-224, 
Tubular bridges, 430. 
Britannia, erection 
of, 478, 479. 
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U. 


Ultimate strength, 16. 
Under bridges, dimensiorts of, 405. 
Dnit-stress, 3. 
V. 
Variations in the strength of 
timber, 25. 
Velocity and pressure of wind, re- 
lationship between, 464. 
Ventilation of buildings, 363. 
Vibrations, effects of, on materials 
and structures, 22, 40, 196, 415-418. 


W. 


Warren girders, stresses in, 233-255. 
with vertical brac- 
ings, atresses in, 


Webs of plate girders, 427. 
a » shearing stresses 
in, 418, 

Weight of bridges, 459, 461. 

ms cast-iron pipes, 493, 

ma chains, 475. 

ne corrugated iron, 368, 

bs cross-girders, 433, 
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Weight of crowd of people, 407. 
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different materials, table 
of, 8-10. 
flooring onrailway bridges, 


girders under 200 feet 
span, 460. 

Lindsay’s patent troughs, 
44) 


long span railway bridges, 
relative 461. 

rail girders, 433. 

railway locomotives, 409. 

road metalling for bridges, 

rolled girders, table of, 
186. 

roof coverings, 355. 

roof principals, 347. 

ropes, 475. 

snow, 347. 

steel angle bars, 490, 

steel flat bars, 491. 

wrought-iron square and 
round bars. 492. 

zinc sheets for roof cover- 
ing, 361. 


Welds, strength of, 34. 

Warf crane, 304. 

Whitworth’s, Sir J., method of com- 
pressing fluid steel, 40. 

Wind-bracing for bridges, 467. 
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5 roofs, 352. 


pressure and velocity, 463-467. 


» Board of Trade rules 
for, 466. 

»» circumstance which 
influence, 463. 

», influenced by the form 
of surface, 467, 

» on lattice girders,466. 

»  oOnswing-bridges, 458, 
45 


», onthe Forth Bridge, 
463. 

» rules 
engineers on, 466, 
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Wire cables for suspension bridges, 


451, 453 


» gauge, Birmingham, 358. 
»» iron, annealing, 34. 
, Strength of, 34, 453. 
», Steel, strength of, 453. 
Wohler’s experiments on the fatigue 
of materials, 23, 24. 
Wood. See ‘‘Timber.” 
Work done in stretching a bar, 19, 
Working stresses on cast iron, 196, 
16 
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chains, 474, 


a steel, 418. 
oe timber, 419, 


wrought 
417. 


iron, 


Wrought iron, annealing, 34, 395, 


396, 474, 

Board of Trade rules 
for stresses on, 417. 

buckled plates, 
strength of, 439. 

columns and struts, 
204-211. 

compressive strength 
of, 34. 

flooring plates, 435- 
437. 

shearing strength of, 

square and round 
bars, weight of, 


tensile strength of. 
32 


tensile strength of, 
across the fibre, 33. 
tensile strength of, 
as used in bridge 
work, 33, 484, 486. 
testing, 31. 


of American Zine covering for roofs, 360-362, 


“,, gauge for sheets, 361. 
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THE DESIGN OF STRUCTURES: 


Practical Treatise on the Building of Bridges, Roofs, &e. 


By S. ANGLIN, C.E., 
Master of Engineering, Royal University of Ireland, late Whitworth Scholar &c. 


With very numerous Diagrams, Examples, and Tables. 
Large Crown 8vo. Cloth. 


Seconp Enpitrion, Revised. 16s. 


fee ea erp egies ae Anan inlp 


The leading features in Mr. Anglin’s carefully-planned ‘‘ Design of Struc- 
tures ” may be briefly summarised as follows :— 


1. It supplies the want, long felt among Students of Engineering and 
Architecture, of a concise Text-book on Structures, requiring on the part of 
the reader a knowledge of ELEMENTARY MATHEMATICS only. 


2. The subject of GRAPHIC STATICS has only of recent years been generally 
applied in this country to determine the Stresses on Framed Structures; and 
in too many cases this is done without a knowledge of the principles upon 
which the science is founded. In Mr. Anglin’s work the system is explained 
from FIRST PRINCIPLES, and the Student will find in it a valuable aid in 
determining the stresses on all irregularly-framed structures. 


3. A large number of PRACTICAL EXAMPLES, such as occur in the every-day 
experience of the Engineer, are given and carefully worked out, some being 
solved both analytically and graphically, as a guide to the Student. 


4. The chapters devoted to the practical side of the subject, the Strength of 
Joints, Punching, Drilling, Rivetting, and other processes connected with the 
manufacture of Bridges, Roofs, and Structural work generally, are the result 
of MANY YEARS’ EXPERIENCE in the bridge-yard; and the information given 
on this branch of the subject will be found of great value to the practical 
bridge-builder. 


eet 


‘* Students of Engineering will find this Text-Book invALUABLE ''—AsrAttect. 


“The auther has certainly succeeded in producing a THOROUGHLY PRACTICAL Text- 
yi. "a Builder, 


“We can unhesitatingly recommend this work not only to the Student, as th 
Texr-Boox on the subject, but also to the professional engineer as an _.__-..__. 
VALUABLE book of reference.”—Mechanical World. 


* This work can be CONFIDENTLY recommended to engineers. The author has wisely 
chosen to use as little of the higher mathematics as possible, and has thus made his book of 
REAL USE TO THE PRACTICAL ENGINEER. . . . After careful perusal, we have nothing but 
praise for the work.” ~—Materre. 








TONDON: EYETER STREET STRANTN 


‘SCIENTIFIC AND TECHNOLOGICAL WORKS. 5 


GRIFFIN’S NAUTICAL SERIES. 


Price 5s. Post-free. 
A MANUAL OF 


ELEMENTARY SEAMANSHIP. 


D, WILSON-BARKER, Master Mariner; F.R.S.E., F.R.G.S., &., &e.; 
YOUNGER BROTHER OF THE TRINITY HOUSE. 
With Frontispiece, Twelve Plates (Two in Colours), and Illustrations 
in the Text, 

GENERAL Contents.—The Building of a Ship; Parts of Hull. Masta, 
&c.— Ropes, Knots, Splicing, &c.-— Gear, Lead and Log, &c. — Riggiag, 
Anchors — Sailmaking -- The Sails, &&.— Handling of Boats under Sail — 
Signals and Signalling— Rule of the Ruad—Keeping and Relieving Watch— 
Points of Etiquette—Glossary of Sea Terms and Phrases—Index. 


*,.* The volume contains the NEW RULER OF THE ROAD. 


“This ADMIRABLE MANUAL, by Capr. W1ILson-BakxKer of the ‘ Worcester,” seams to us 
PERFECTLY DESIGNED. aud holda its place excellently in ‘ Gaivrux’s NAUTICAL SERIES.’ . 
Although intended for those who are to become Officers of the Merchant Navy, it will be 
found useful by ALL YAOCHTSMEN, "—A thenwum, 

“ Five shillings will he weLt spent on this little book. Carr. Wri.son-BarKer knows 
from experience what # youny man wants ut the outset of his career.” The Hngineer. 


Prwe 3s. 6d. Post-free. 


AND THEORETICAL. 
By DAVID WILSON-BARKER, BR.N.R., F.RS.E, &e., &e, 


: AND 


WILLIAM ALLINGHAM, 


FIRST-CLASS HONOURS, NAVIGATION, SCIENCE AND ART DEPARTMENT. 
With Numerous Jllustrations and Eramination Questions, 


GENERAL Contents. —Definitions—Latitude and Longitude—Instruments 
of Navigation—Correction of Courses— Plane Sailing— Traverse Sailing---Day’s 
Work — Parallel Sailing — Middle Latitude Sailing — Mercator’s Chart— 
Mercator Sailing--Current Sailing—Position by pean Great Circle Sailing 
—The Tides—Queations—A ppendix : Compass Error—Numerous Useful Hints, 


&c.—Index. 
“ Peyorsecy the kind of work required for the New Certificates of competency in grades 
oe Second Mate to extra Master. . . . “Candidatea will flnod it rInvaLuaBin.”— Dundes 
dvertizer. ‘ 
“A CAPITAL LITTLE BOOK . . . speciatly adapted to the New Examinations. The 


Authors are Carr. WiLson- Barker (Captain-Suporintendent of the Nautical College, H.M.S, 
“ Woroestor,” who has had great experience on the highest problems of Navigation), and 
Mr. erileg & well-known writer on the Science of Navigation and Nuutical Astronomy.” 
| Worid. 
*,* Por complete list of Grusrin’s Nautica, Segigs seo p. 21. 
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GRIFFIN’S NAUTICAL SERIES. 
Price 83. Gd. Poast-free. 


TT ET 
British Mercantile Marine. 
By EDWARD BLACKMORE, 


MASTER MARINER; ASSOCIATE OF THE INSTITUTION OF NAVAL ARCHITECTS; 
FORMBRLY A RESIDENT JUSTICH OF THR PRACFK FOR THE COUNTY 
OF RHENFREW, N.B.; AND A MEMBER OF ‘JHE INSTITUTION 
OF BNGINBEERS AND SHIPBUILDFRS IN SCOTLAND 5 
EDITOR OF GRIFFIN’S “NAUTICAL SHRIES.” 

GENERAL Contents.—HistoricaL: From Early Times to el las 
under Henry VITI.—To Death of Miry—During Elizabeth's Reign-—-Up to 
the Reign of William JII.—The 18th and 19th Centuries—Institution of 
Examinations — Rise and Progress of Steam Propulsion — Development of 
Free Trade—Shipping Legislation, 1862 to 1875-—-‘t Locksley Hall” Case— 
Shipmasters’ Societies--Loading of Ships—-Shipping Legislation, 1884 to 1894— 
Statistics of Spinks THE PERSONNEL: Shipowners— Officers — Mariners-— 
Duties and Present Position. Enucation: A Seaman’, Education: what it 
should be—Present Means of Education —Hints, Drscrpning anp Dury— 
Postscript—The Serious Decrease in the Number of British Seamen, 4» Matter 
demanding the Attention of the Nation. 

“Interesting and Instrecrive . . . may be read with ProriT and KNJOYMENT.”’~ 
Glasgow Hera/d, 7: 

* Every seaxcu of the auhject is dealt with in a way which shows that the writer 
‘knows the ropes’ familiarly.” —Scotsman. 

“This ADMIRABLE book . . . TEEMS with useful information—Should be in the 
hands of every Sailor.'— Western Morning News. 








WORKS BY RICHARD C. BUCK, 


of the Thames Nautical Training College, H.M.S. ‘ Worcester.’ 


1. A Manual of Trigonometry: 


With Diagrams, Examples, and Exercises. Price 8s. 6d. 


*.* Mr. Buck’s Text-Book has been SPECIALLY PREPARED with a view 
to the New Examinations of the Board of Trade, in which Trigonometry 
is an obligatory subject. 


2. A Manual of Algebra. 


{In Preparation. 


*.* These elementary works on ALGEBRA and TRIGONOMETRY are written specially for 
those who will have little opportunity of consulting a Teacher. They are bouke for * axig~ 
RELY.“ All but the simplest explanations have, therelore, been avoided, and answrea t0 
the Exercises are given. Any person may readily, by careful study. become master of their 
contents, and thua lay the foundation for a further mathematical course, if desired. Tt is 
hoped that to the younger Ufficers of our Mercantile Marine they will be found decidedly 
serviceable, The Examples and Exerci»es are taken from the Examination Papers set for 
the Cadets of tha ‘* Worvester.’ 


*,* For complete list of GuirFIN's NAUTICAL SERIRG see p. 21, 
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CHEMISTRY FOR ENGINEERS 
AND MANUFACTURERS. 


A PRACTICAL TEXT-BOOK. 





BY 
BERTRAM BLOUNT, ann A. G. BLOXAM, 
F.LC., F.C.8., ' FIC, FCS, 
Consulting Chemist to the Crown Agents for Consulting Chemist, liead «f the Chemistry 
the Colonies, Department, Goldsmiths’ Inst., 


New Cross. 


With Illustrations. In Two Vols., Large 8vo. Sold Separately. 


“The authors have succeeprp beyond all expectation, and have produced a work which 
should give FRESH rowkR to the Engineer and Manufacturer.” —7Zhe Times. 


WOLUME 1. Price 10s. 6d. 
CHEMISTRY OF ENGINEERING, BUILDING, AND 
METALLURGY. 


General Contents. —INTRODUCTION—Chemistry of the Chief Materials 
of Construction—Sources of Energy —Chemistry of Steam-raising—Chemis- 
try of Lubrication and Lubricants— Metallurgical Processes used in the 
Winning and Manufacture of Metals. 

‘PRACTICAL THRO'GHOUT . . . SD ADMIRABLE TEXT-BOOK, Useful not only to Students, 
pave Evqivzsns and MANAGERS OF WORKS 1n PREVENTING WASTE And IMPROVING PROCESSES.”— 

colaman, 

* EMINENTLY PRACTICAL. —Glasgow Herald, 

“A book worthy of HIGH RANK . . , its morit is great . . . treatment of the subjeet 
of GASEOUS FUKL particularily good. . . . WATER Gas and its production clearly worked out 
rs wee Altogether a most creditable production. We WARMLY RECOMMEND IT, and look forward 
with keen interest to the appearance of Vol. IL."—Journal of Gas LiyAting. 


WOLUME Iti. Price 16a. 


THE CHEMISTRY OF MANUFAOTURING 
PROCESSES. 


General Contents. —Sulphuric Acid Manufacture-- Manufacture of Alkali, 
&c.— Destructive Distillation —Artificial Manure Manufacture— Petroleum 
—Lime and Cement—Clay Industries and Glass— Sugar and Starch—-Brewing 
and Distilling—Oils, Resins, and Varnishes—Soap and Candles-—-Textiles 
and Bleaching -- Colouring Matters, Dyeing, and Printing — Paper and 
Pasteboard-~Pigments and Paints-- Leather, Glue, and Size—Explosives 
and Matchea—Minor Chemical Manufactures. 

wersmaay & GOOD and USEFUL BOOK, constituting @ PRACTICAL GuIpE for students by 


affording « clear conception of the numerous processes, as u whole’’~ Chemical Trade 
Journal. 


“We CONFIDENTLY RECOMMEND this volume us @ PRACTICAL, and not overloaded 
TEX?T-BOOEK, Of GREAT VALUE to students.""—The Butider 
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ASSAYING (A Text-Book of): 


For the use of Students, Mine Managera, Asaayers, de, 


By J. J. BERINGER, F.LC., F.C.S., 
Public Analyst for, and Lecturer to the Mining Association of, Cornwall. 


Anp C. BERINGER, F.C.S., 


Late Chief Assayer to the Rio Tinto Copper Company, Londom, 


With numerous Tables and Illustrations. Crown 8vo. Cloth, ro/6. 
FourtH Epition; Revised. 


GaneraL CONTRNTS, — Part I. — Inrropucrory; MAnipuLATion: Sampling; 
Drying ; Calculation of Results—Laboratory-beoks and Reports. Muatruops: Dry Gravi- 
metric; Wet Gravimetric— Volumetric Assays; Titrometric, Colorimetric, Gasometric— 
Weighing and Measuring— Reageats—Formuiz, Equations, &c.—Specific Gravity. 

amt Il.—Mutars: Detection and Assay of Silver, Gold, Platinum, Mercury, Copper, 
Lead, Thallium, Hisenuth, Antimony, Iron, Nickel, Cobalt, Zinc, Cadmium, Tin, Tungsten, 
Titamum, Manganese, Chromium, ie. —KEarths, Alkalies. 

Part Ill.—Non-Mera.rs: Oxygen and Oxides; The Halogens—Sulphur and Sul 

phates—Arsenic, Phosphorus, Nitrogen-~Silicon, Carbon, Boron-—-Useful Tables. 


“‘A RRALLY MERITORIOUS WORK, that may be safely depended upon either for systensatice 
vastruction or for reference.’’— Nature. 

“This work is one of the agst of its kind. . . . Essentially of a practical character. 

Contains all the information that the Assayer will find necessary in the examination 


7° 


of minerals.”- - uginecr. 











New Ladttion tn Preparation, : 


PHOTOGRAPHY: 
ITS HISTORY, PROCESSES, APPARATUS, AND MATERIALS. 
Comprising Working Details of all the More Important Methods. 


By A. BROTHERS, F.R.AS. 


WITH TWENTY-FOUR FULL PAGE PLATES BY MANY OF THE PRO- 
CESSES DESCRIBED, AND ILLUSTRATIONS IN THE TEXT. 


In 8v0, Handsome Cloth. 


GENERAL CONTENTS. — PART. 1. INTRODUCTORY — Historical 
Sketch; Chemistry and Optics of Photography; Artificial Light.— 
ParT II. Photographic Processes.—-PART I]1. Apparatus. —PAarT IV. 
Materials. ——ParT V.—Applications of Photography ; Practical Hints. 


“Mr, Brothers has had an experience in Photography so large and varied that any work 
by him cannot fail to be interesting and valuable. . . . A MOST COMPREHENSIVE volume, 
entering with full details into the various processes, and VERY FULLY illustrated. The 
PRACTICAL HINTS are of GRRAT VALUER. . . . Admirably got up.” —Brit. Jour. ag So ; 

“ For the Ilustrations alone, the book is most interesting; but, apart from fa 
— is haar 78th brightly and pleasantly written, and MOST ADMIRABLY ARRANGED.” -~ 

ews, 


‘Certainly the vINEST ILLUSTRATED HANDBOOK to Photography which has ever been 
Ly sense aga be on the reference shelves of every Photographic Society.” —Asmatenr 
tegrapaer, 
“ & handbook so far in advance of most others, that the Photographer must not fail 
to ebtain a copy as a reference pie ar lage ide ed Work. 
“The compLetasT HANDBOOK of the art which has yet been published.” —Scstemeen,. 


Saeeathamianeal 
: 
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WORKS BY A. WYNTER BLYTH, M.R.C.S., F.C.S., 


Barrister-at-Law, Public Analyst for the County of Devon, and Medical Officer of Health for 
. Marylebone, 


FOODS: 
THEIR COMPOSITION AND ANALYSIS. 


In Demy 8vo, with Elaborate Tables, Diagrams, and Plates. Handsome 
Cloth. Fourtu Epirion. Price 21s. 


GENERAL CONTENTS. 

History of Adulteration—Legislation, Past and Present—Apparatus 
useful to the Food-Analyst—‘‘ Ash ”—Sugar— Confectionery —Honey— 
Treacle—Jams and Preserved Fruits—Starches—Wheaten-Flour—Bread 
— Oats — Barley — Rye — Rice — Maize — Millet — Potato— Peas— Chinese 
Peas — Lentils — Beans — M1Lk — Cream — Butter — Oleo-Margarine — 
Butterine— Cheese Lard—Tea—Coffee—Cocoa and Chocolate—Alcohol— 
Brandy—Rum— Whisky—Gin—Arrack— Liqueurs — Absinthe — Principles 
of Fermentation — Yeast — Beer — Wine — Vinegar—Lemon and Lime 
Juice— Mustard-- Pepper—Sweet and Bitter Almond—Annatto—Olive 
Oil — Warrr — Standard Solutions and Reagents. Appendia: Text of 
English and American Adulteration Acts. 


PRESS NOTICES OF THE FOURTH EDITION. 
“ Simply inpispensascez in the Analyst's laboratory." —7he Lancet. 


“Tar STANDARD WORK on the subject. . . . Every chapter and evory page giver 
abundant proof of the strict revision to which the work has bean subjected. . . The 
section on MILxK is, we believe, the most exhaustive study of the subject extant. . . . An 


INDIBPENAABLE MANUAL for Analysts and Medical Officers of Health.” — Public Health. 
“A new edition of Mr. Wynter Blyth’s Standard work, ENKICHED WITH ALL THE RECENT 
ISCOVERIES AND IMPHOVEMENTS, Will be accepted as a boon." -— Chemical News. 


POISONS: 


THEIR EFFECTS AND DETECTION. 


Turrp Eprrion. In Large 8vo, Cloth, with Tables and Illustrations. 
Price 21s. 


GENERAL CONTENTS. 


I.—Historical Introduction. IJ.—Classification—Statistics—Connection 
between Toxic Action and Chemical Composition—Life Tests— General 
Method of Procedure--The Spectroscope—Examination of Blood and Blood 
Stains. III.—Poisonous Gases. IV.—Acids and Alkalies. V.—More 
er less Volatile Poisonous Substances, VI.—Alkaloids and Poisonous 
Vegetable Principles. VII.—Poisona derived from Living or Dead Animal 
Substances. VIII.—The Oxalic Acid Group. IX.— Inorganic Poisons. 
Appendix: Treatment, by Antidotes or otherwise, of Cases of Poisoning. 

“Undoubtedly tax Most COMPLETE WORK on Toxicology in our language.”—The Analyst fon 


the Third Edition). 
lire & PRACTICAL GUIDE, we kuow NO BEeTtzR work."—The Lancet (on the Third Kdition} 


#.*In the Taiap Epition, Enlarged and partly Re-written, Naw ANaLyricat Metmops have 
deen introduced, andthe Capavunic ALKaLolDs, or Promamnxa, bodies playing so great a part in 
Food-poiaoning and in the Manifestations of Disease, have received special attention. 
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MINE-SURVEYING (A Text-Book of): 


For the use of Managers of Mines and Collieries, 8tudente 
at the Royal School of Mines, &c. 


By BENNETT H. BROUGH, F.GS.. 
Late Instructor of Mine-Surveying, Royal School of Mines. 


With Diagrams. S1xTH Epirion, Enlarged and Revised, Cloth, 78 6d, 





GENERAL CONTENTS. 


General Explanations—Measurement of Distances—Miner’s Dial—Variation of 
the Magnetic-Needle—Surveying with the Magnetic-Needle in presence of lron— 
Surveying with the Fixed Needie—German Dial—Theodolite—Traversing Under- 
ground—Surface-Surveys with Theodolite—Plotting the Survey—Calculation of 
Areas—Levelling—Connection of Underground- and Surface-Surveys— Measuring 
Distances by Telescope—Setting-out—Mine-Surveying Problems—Mine Plans— 
Applications of Magnetic-Needle in Mining—A ppendices. 


" Has PROVED itself a VALUABLE Text-book; the past, if not the only one, in the English 
language on the subject." Mining Journal, 


“No pa eee -speaking Mine Agent er Mining Student will consider his technical library 
complete without it "—Narsre. 


* A valuable accessory to Surveyors in every department of commercia) enterprise. 
Fully deserves to hold its position as a STANDARD.” — Cediisry Guardian 


WwWoRKS 


By WALTER R. BROWNE, M.A., M. INST. C.E., 
Late Fellow of Trinity College, Cambridge. 


THE STUDENT’S MECHANICS: 
An Introduetion to the Study of Force and Motion. 
With Diagrams. Crown 8vo. Cloth, 4s. 6d. 


““ Cleae in style and practical in method, ‘Tue STE $ Mecuanics’ is cordially to be 
commended from al! points of view.” —A thenarnm 


FOUNDATIONS OF MECHANICS, 


Papers reprinted from the Engineer. In Crown 8vo, Is. 


FUEL AND WATER: 


A Manual for Users of Steam and Water. | 
'Pror, SCHWACKHOFER anp W. R. BROWNE, M.A. (See p. 44+) 


namie 
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GAS MANUFACTURE 
(THE CHEMISTRY OF). 


A Hand-Book on the Production, Purification, and Testing 
of Illuminating Gas, and the Assay of the Bye- 
Products of Gas Manufacture. For the 
Use of Students. 


BY 


W. J. ATKINSON BUTTERFIELD, M.A., F.CS., 


Head Chemist, Gas Works, Beckton, London, E. 


With Numerous Illustrations, Handsome Cloth. Price 9s. 


_“ The pest work of its kind which we have ever had the pleasure of re- 
viewing.” —Journal of Gas 7 


GENERAL CONTENTS. 


I. Raw Materials for Gas VI. Final Details of Mann- 
Manufacture. | facture. 
II. Coal Gas. VII. Gas Analysis. 
III. Carburetted Water Gas. VIII. Photometry. 
IV. Oil Gas. | IX. Applications of Gas. 
VY. Enriching by Light Oils. X. Bye-Products. 


*,* This work deals primarily with the ordinary processes of Gas MANUFACTURE 
employed in this country, and aims especially at indicating the principles on which 
they are based. The more modern, but as yet subsidiary, processes ure fully treated 
alao. The Chapters on Gas Analysis and Photometry will enable the consumer to 

rasp the methods by which the quality of the gas he uses-is ascertained, and in the 
Chanter on The Applications of Glas, not only is it discussed as an illuminant, but 
also as a ready source of heat and pee “In the final Chapter, an attempt has been 
made to trace in a readily-intelligible manner the extraction of the principal derivatives 
from the crade Bre-Propucrs, The work deals incidentally with the most modern 
spdiige (ppd of the arotet including inter alia the commercial production and 
uses of acetylene and the application of compressed gas for Street Traction, The needs 
of the Students in Technical Colleges and Classes have throughout been kept in view. 
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Works by GRENVILLE A. J. COLE, M.R.IA., F.G.S., 


Professor of Geology in the Royal College of Science for Ireland. 


PRACTICAL GEOLOGY 
(AIDS IN): 


WITH A SECTION ON PALAEONTOLOGY. 
SECOND EDITION, Revised. With IDustrations. Cloth, ros, 6d. 


GENERAL CONTENTS.—PART I.—SAmpLING OF THE EARTH'S 
Crust, PART LI.—EXAMINATION OF MINERALS, PART II1.—EXAMINA- 
TION OF Rocks, PART IV.—EXAMINATION OF FOSSILS, 


“Prof. Cole treats of the examination of minerals and rocks in a way that has never 
been attempted before . . . DEHSERVING OF THH HIGHEST PRAISE. Here indeed are 
‘ Aids’ INNUMERABLE and INVALUABLE. All the directions are given with the utmost clear- 
ness and precision.” —A thenenm. 

“To the younger workers in Geology, Prof. Cole’s hook will be as INDISPENSABLE as a 
dictionary to the learners of a language.”—Saturday Review. 

“That the work deserves its title, that it is full of ‘Arps,’ and in the highest degree 
‘PRACTICAL,’ will be the verdict of all who use it.”--Nasure. 

“This EXCELLENT MANUAL . . . will be A VERY GREAT HELY. . . The section 
on the Examination of Fossils is probably the Best of its kind yet published. . . . Fun 
of well-digested information from the newest sources and from personal research.”—- Annals 
of Nat, Histery. 





OPEN-AIR STUDIES: 
An Introduction to Geology Out-of-doors. 
With 12 Full-Page Illustrations from Photographs. Cloth. 8s. 6d. 


GeNERAL Conrents,—The Materials of the Earth—A Mountain Hollow 
—Down the Valley—Along the Shore—Agross the Plains—Dead Volcanoes 
—A Granite Highland—The Annals of the Earth—The Surrey Hills—The 
Folds of the Mountains. | 


“The vascinaTing ‘Orgw-Aigz Sroupixs’ of Prov. Coie give the subject a aLrow or 
ANIMATION . . . cannot fail to arouse keen interest in geology.'— Geological Magazine, 

‘EMINENTLY READABLE . . . every ama!) detail in a seene touched with a aym- 
pathetic kindly pen that remind» one of the lingering brush of a Conatable.”—~ Nature, 

“The work of Prof. Cole combines gugaance of STYLE with scIEXTINIC THOROUGHNEBA,”— 
Petermann's Mitihetiungen. 

“ The book is worthy of ita title: from cover to cover it ia srrona with bracing freshness 
of the mountain and the fleld, while ita accugacy and THOROUGHNESS show that it is the 
work of an earmest and consclentious student. . . . Full of picturesque touches which 
are most welcome "Natural Science. 

* A OBARMING BOOK, beantifally Ulustrated."— Atheneum. 


*.* For the Companion-Volume on “ Oran Arm Botany” seo p, 33. 
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SEWAGE DISPOSAL WORKS: 


A Guide to the Construction of Works for the Prevention of the 
Pollution by Sewage of Rivers and Estuaries. 





BY 


W. SANTO CRIMP, M.Inst.C.E., F.G.S., 
Late Assistant-Engineer, London Ceunty Council. 


With Tables, [llustrations in the Text, and 37 Lithographic Plates. Medium 
Svo. Handsome Cloth. 


SECOND EDITION, REVISED AND ENLARGED. 30s. 


PART 1.—ENTRODUCTORY. 
fatroduction. | Settling Tanks. 
Details of River Pollutionsand Recommenda- | Chemical Processes 
tions of Various Commissions. The Disposal of Sewage-sludge 
Hourly and Daily Flow of Sewage. The Preparation of Land for Sewage Dis- 
e Pail System as Affecting Sewage posal. 
The Separation of Rain-water from the Sewage Table of Sewage Farm Management. 
Proper. 


PART II.—SEWAGE DISPOSAL WoRKS IN OPERATION—THEIR 
CONSTRUCTION, MAINTENANCE, AND Cost, 


Tilustrated by Plates showing the General Plan and Arrangement adopted 
in each District. ; 


Map of the LONDON Sewage System. Bradford, Precipitation. 
Crossness Outfall. New Malden, Chemical Treatment and 
Barking Outfall. Small Filters. 
Doncaster Irrigation Farm Friern Barnet. 
Beddington Irngation Farm, Borough of = Aaton, Ferozone and Polarite Process. 
Croydon. Ilford, Chadwell, and Dagenham W 
Bedford Sewage Farm Irrigation. Goventry. 
Dewsbury and Hitchin Intermittent Fil- Wimbledon. 
tration. Birmingham. 
Merton, Croydon Rural Sanitary Authority. Margate. 
Swanwick, Derbyshire. Portsmouth. 
The Ealing Sewage Works. BERLIN Sewage Farms. 
Chiswick. Sewage Precipitation Works, Dortmund 
Kingston-on-Thames, A. B. C. Process. (Germany). 
Salford Sewage Works. Treatment’ of Sewage by Electrolysis. 


*,* From the fact of the Author’s having, for some years, had charge of the Mam 
Drainage Works of the Northera Section of the Metropolis, the chapter on Lonpvon will be 
found to contain many important details which would not otherwise have been available. 


“ All ns interested in Sanitary Science owe a debt of gratitude to Mr. Crimp. 
His week will be especially useful to Sangrary AuTHORITIxs and their adv 


' PRACTICAL AND USEFUL . . . gives plans and descriptions of MANY OF THE 
MOET IMPORTANT SEWAGE WoRKS of England . . . with very valuable information as to 
the cost of construction and working ofeach. . . . The carefully-prepared drawings per- 


mit ef an easy comparison between the different systems.” —Lancet. 


“Probably the MOST COMPLETE AND BEST TREATISE on the subject which has aryeared 
. WU ets a oe eee ee have the probiem of 
to face"—-F : 
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Griffin’s “Pocket-Book” Series. 
Pocket Size. Leather. With Illustrations. 128, 6d. 
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HYGIENE (A Hand-Book of), 


SURGEON-MAJOR A. M. DAVIES, D.P.H.Camb., 


Late Aasistant-Profeasor of Hyyiene, Army Medical School. 


General Contents. 


Air and Ventilation—Water and Water Supply-—-Food and Dieting— 
Removal and Disposal of Sewage—Habitations—Personal Hygiene—Soils 


and Sites—Climate and Meteorology—Causation and Prevention of Disease 
— Disinfection. 


‘This ADMIRARLE HANDBOOK . . . gives FULL information compressed into the smallest 
possible bulk.”— Adin. Med. Journal. 

“Phe elegant dress of the fitthe volume before us is but the outer covering of A TRULY BICB 
KBRNEL, and justly merits the praise it spontaneously calls forth Attractive to the eye, Surgeon- 
Major Davigs’ volume is equally attractive to the mind. Students will find that its 500 pages 
comprise ALL information necessary COMPACT, HANDY, COMPREHENBIVE, it certainly merits a 
high piace among the text-booke of the day.”-—Sanitory Record, 

“We are giad to welcome Surgeou-Major Davies book . . . he has had ample opportunity 
to make himeelf a MASTER OF THE sOrRNCH, and he has aright tospeak. . . , WONDERFULLY 
WELL UP TO DATR, well and clearly written, pleasant to read.”— The Lancet. 

_ Really on) ADMIRABLE BOOK, , . . A Mon? HANDY WORK OF KRFERENCE full of information.” 


« 


~* 4 aingularly compact and elegant volume . . — coutains an admirable precis of everything 
relating to Hygiene CLEARLY and LOGICALLY ARRANGED and easy of reference Likely, we think, 
to be the favourite text-book."—Public Health. 


Large 8vo. Handsome Cloth. 12s. 6d. 


BLEACHING & CALICO-PRINTING. 


A Short Manual for Students and 
Practical Men. 


By GEORGE DUERR, 


Director of the Bleaching, Dyeing, and Printing Department at the Accrin and Bacup 
Technical Schools; Chemist and Colourist at the Irwell Print Works. 


AssisteD BY WILLIAM TURNBULL 
fof Turnbull & Stockdale, Limited). i 
With Mlustrations and upwards of One Hundred Dyed and Printed Patterns 
designed specially to show various Stages of the Processes described. 
| ed & RBADY Way out of a difficulty is wanted, it is IN BOOKS LIKE THIS that it is found,” 
r Recorde 


rT. 
“Mr. Dougne’s worx will be found most vaxFut, Paar Pe information given of Guage 
ai whens pe mes mmm “BACTICAL, —~7' anusacturer, 
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WORKS 
By J. R AINSWORTH DAVIS, B.A, 


PROFESSOR OF BIOLOGY, UNIVERSITY COLLEGE, ABERYSTWYTH ; 
EXAMINER IN ZOOLOGY, UNIVERSITY OF ABEKDEEN, 





DAVIS (Prof. Ainsworth): BIOLOGY (An Ele- 


mentary Text-Book of). In large Crown 8vo, Cloth. SECcoNnpD EDITION. 


Part I. VEGETABLE MORPHOLOGY AND PuysioLocy. With Complete Index- 
Glossary and 128 Illustrations, Price 8s. 6d. 
PaRT II. ANIMAL MORPHOLOGY AND PHYSIOLOGY. With Complete Index- 
Glossary and 108 Illustrations. Price 10s. 6d. 


BEACH PART SOLD SEPARATELY. 


*,* Notz—The SECOND EpITION has been thoroughly Revised and Enlarged, 
and includes all the leading selected TypEs in the various Organic Groups, 
‘Certainly THK BEST ‘BIOLOGY’ with which we are acquainted. It owes its pre- 

eminence to the fact that it is an EXCELLENT attempt to present Biology to the Student as a 


CORRELATED AND COMPLETE SCIENCE. The glossarial Index is a MOST USEFUL addition.”— 
British Medical Journal. 


“‘ Furnishes a CLHAR and COMPREHENSIVE exposition of the subject in a SYSTRMATIC 


‘ Literally PACKED with information."—Glasgow Medtcal Journal 


DAVIS (Prof. Ainsworth): THE FLOWERING 


PLANT, as Illustrating the First Principles of Botany. Large Crown 
8vo, with numerous Illustrations. 3s. 6d. Sgconp Ep!IrTIon. 


‘It would be hard to find a Text-book which would better guide the student to an accurate 
knowledge of modern discoveries in Botany. . : The SCIENTIFIC ACCURACY of statement, 
we a Riser ata de a a ay 2% 1 1 af | baa 1 . 
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DAVIS and SELENKA: A ZOOLOGICAL 


POCKET-BOOK; Or, Synopsis of Animal Classification. Comprising 
Definitions of the Phyla, Classes, and Orders, with Explanatory Remarks 
and Tables. By Dr. Emil Selenka, Professor in the University of 
Erlangen. Authorised English translation from the Third German 
seaatai In Small Post 8vo, Interleaved for the use of Students. Limp 
vers, 45. 
“Dr. Selenka’s Manual will be found useful by all Students of Zoology. It is a comrae- 


| MEN@SYE and SUCCESSFUL attempt to present us with a scheme of the natural arrangement of 
the animal world.” —Aain. Med. Journal. 


“Wil prove very serviceable to those who are attending Bio. Lectures. . . The 
transiation is accurate and clear.”— Lancet. ey | 


LONDON: EXETER STREET, STRAND. 


16 CHARLES GRIFFIN & CO.'8 PUBLICATIONS. 


GAS, OIL, AND AIR ENGINES: - 


A Practical Text -Book on Internal Combustion Motors 
without Boiler. 


By BRYAN DONKIN, M.Inst.C. E. 


SECOND EDITION, Revised throughout and Enlarged. With numerous 
. additional Illustrations. Large 8vo. 258. 
GengraL Contrentrs.—Gas Engines:—General Description—History and Develop- 
ment—British, French, and German Gas Engines--Gas Production for Motive Power— 


eae 





t—Various Types: Stirling's, Ericsson's, &c., &c. 

"The BEST BOOK NOW PUBLISHED on Gas, Oil, and Air Engines. . . . Will be of 
VERY GREAT INTEREST to the numerous practical engineers who have to make themselves 
familiar with the motor of the day. , . . Mr Donkin has the advantage of Lone 
PRACTICAL EXPERIENCE, combined with HIGH SCIENTIFIC AND EXPERIMENTAL KNOWLEDGE, 
and an accurate perception of the requirements of Engineers.”— 7he Lngineer. 


‘“We HEARTILY RECOMMEND Mr. Donisin’s work. . . . A monument of careful 
labour. . . . Luminous and comprehensive,”—/ournal of Gas Lighting. 
By THE SAME AUTHOR. (Shortly. 


THE HEAT EFFICIENCY OF STEAM BOILERS 
(LAND AND MARINE). 


Many Experiments on Many Types, showing Results as to Evaporation, 
Heating Value of Fuel, Analysis of Gases, &c., &c. By BRYAN DOoNKIN, 
M.Inst.C.E. With Illustrations and Tables. In 4to. 


INORGANIC CHEMISTRY (A Short Manual of). 


By A. DUPRE, Ph.D., F.R.S, aND WILSON HAKE, 
Ph.D., F.1.C., F.C.S., of the Westminster Hospital Medical School. 
SECOND Epition, Revised. Crown 8vo. Cloth, 7s. 6d. 

“ A well-written, clear and accurate Elementary Manual of Inorganic Chemustry. . . , 
We agree heartily in the system adopted by Drs. Dupré and Hake. Witt make Expem- 
wenTaL WORK TREBLY INTERESTING BECAUSE INTELLIGIBLE. —Saturday Review. : 

‘There is no question that, given the rerrEcT GrouNDING of the Student in his Science, 
the remainder comes afterwards to him ina manner much more simple and easily acquired. 
The work 15 AN EXAMPLE OF THE ADVANTAGES OF THE SYSTEMATIC TREATMENT of a 


Science over the fragmen style so generally followed. By A LONG WAY THE BusT of the 
grnall Manuals for Students."—Asalyst. 


EWART (J. Cossar, M.D., F.R.S.E., Regius 


Professor of Natural History, University of Edinburgh). 


HINTS ON THE PRESERVATION OF FISH, in Reference to | 
Food Supply. In Crown 8vo, Wrapper, 6d. | ae 
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Saconp Enirion, Revised. Royal 8v0, Wath sumerous Ilustratins and 
13 Lithoervaphic Plates. Handsome Cloth. Price 305. 


BRIDGE-CONSTRUCTION 


(A PRACTICAL TREATISE ON): 


Being a Text-Book on the Construction of Bridges in 
Tron and Steel. 


FOR THE USE OF STUDENTS, DRAUGHTSMEN, AND ENGINEERS. 
By T. CLAXTON FIDLER, M. Inst. CE, 


Prof. of Engineering, University College, Dundee. 


mt, ~ 


‘‘Mr. Fipier’s success arises from the combination of EXPERIENCE and 
SIMPLICITY OF TREATMENT ee on every page. . . . Theory is kept in 
subordination to practice, and his book is, therefore, as useful to girder-makers 

to amnae of Bridge Construction.”—(" The Architect” on the Second 
aewition., 

‘Of late years the American treatises on Practical and Applied Mechanica 
have taken the lead . . . since the opening up of a vast continent has 
given the American engineer a number of new bridge- problems to solve 
. « . but we look to the Prasenr TREATISE ON Bripca-ConsTRUCTION, and 
the Forth Bridge, to bring us to the ‘front again.” -- Engineer. 

“One of the VERY BEST RECENT WORKS on the Strength of Materials and ite 
application to Bridge-Construction. . . Well repays a careful Study.”— 
Engineering. 

** An INDISPENSABLE HANDBOOK for the practical Engineer.”—Nature. 





HOW PLANTS LIVE AND WORK: 


A Simple Introduction to Real Life in the Plant-world, 
Based on Lessons originally given to Country Children. 


BY ELEANOR HUGHES-GIBB. 
With Illustrations. Crown 8vo, Cloth. as. 6d. 


*.* The attention of all interested in the Scientific Training of the Young 
is requested to this DELIGHTFULLY’ ERESH and CHARMING LITTLE BOOK. 
It ought to be in the hands of every Mother and Teacher throughout the land, 


** The child’s attention is first secured, and then, in language SIMPLE, YET 
SCIENTIFICALLY ACCURATE, the first lessons in plant-life are set before 1t.°— 
Natural Science. 

_ “In every way well calculated to make the study of Botany aTTRACTIVE to 
the young.” —Scotsman. ; 
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ORE & STONE MINING. 


| BY 
C. LE NEVE FOSTER, D.Sc, F.R.S., 


PROFESSOR OF MINING, ROYAL COLLEGE OF SCIENCR H.M, INSPECTOR OF MINES 





SEconD Epition. With Frontispiece and 716 Illustrations. 34s. 


tp hentai rey te eee 


““Dr. Foster's book was expected to be EPOCH-MAKING, and it fully justifies such expec. 
tation. . . . A MOST ADMIRABLE account of the mode of occurrence of practically ALL 
KNOWN MINERALS. Probably stands uNRIVALLED fer completeness.” — The Mining Jourant, 


GENERAL CONTENTS. 


INTRODUCTION. Mode of Occurrence of Minerals: Classification: Tabular 
Deposits, Masses—Examples: Alum, Amber, Antimony, Arsenic, Ashestos, Asphalt, 
Barytes, Borax, Boric Acid, Carbonic Acid, Clay, Cobalt Ure, Copper Ore, Diamonds, 
flint, Freestone, Gold Ore, Graphite, Gypsum, Ice, [ron Ore, Lead Ore, Manganese 
Ore, Mica, Natural Gas, Nitrate of Soda, Ozokerite, Petroleum, Phosphate of Lime, 
Potassium Salts, Quicksilver Ore, Salt, Silver Ore, Slate, Sulphur, Tin Ore, Zinc Ore, 
Kaults Prospecting: Chance Discoveries — Adventitions Finds-- Geology as a 
Guide to Minerals—Associated Minerals—Surface Indications. Boring: Uses of 
Bore-holes— Methods of Boring Holes: i. By Rotation, ii. By Percussion with Rods, 
iti. By Percussion with Rope. Breaking Ground: Hand ‘Tools—Machinery— 
Transmission of Power—Excavating Machinery: i, Steam Diggera, ii. Dredges, 
iii. Rock Drills, iv. Machines for Cutting Grooves, v. Machines for Tunnelling— 
Modes of using Holes—Driving and Sinking—Fire-setting—-Excavating by Water. 
Supporting Excavations: Timbering— Masonry—Metallic Supports—W atertight 
Linings—-Speoral Processes. Exploitation: Open Works:—Hydraulic Mining— 
Excavation of Minerals under Water—Extraction of Minerals by Wells and Bore- 
holes-—Underground W orkings—Beds—Veins— Masses. Haulage or Transport: 
Underground: by Shouts, Pipes, Persons, Sledges, Vehicles, Railways, Machinery 
Boate—Conveyance above Ground. Hoisting or Winding: Motors, Drums, and 
Pulley Frames— Ropes, Chaina, and Attachments—Receptacles— Other A pptiances— 
Safety Appliances—Testing Ropes—Pneumatic Hoisting. Drainage: Surtace Water 
—Dams—Drainage Tunnels —Siphons— Winding Machinery — Pumping Engines 
above ground—Pumping Engines below ground--Co-operative Pumping. Ventila- 
tion: Atmosphere of Mines—Causes of Pollution of Air—Natural Ventilation— 
Artificial Ventilation; i, Furnace Ventilation, ii. Mechanical Ventilation--Testing 
the Quality of Air—Measuring the Quantity and Pressure of the Air—Efficiency of 
Ventilating Appliances — Resistance caused by Friction. Lighting: Reflected 
Daylight — Candles—Torches—Lamps—Wells Light—Safety Lamps—Gas—Electric 
Light. Deseent and Ascent: Steps and Slides—Ladders—Buckets and Cages— Man 
Engine. Dressing: i. Mechanical Processes; Washing, Hand cee reaking 
Up, Consolidation, Sereening—ii. Processes depending on Physical Properties: 
Motion in Water, Motion in Air—Desiccation—Liquefaction and Distillation— 
Magnetic Attraction—jii, Chemical Processes: Solution, Evaporation and Orystal- 
lisation, Atmospheric Weathering, Caicination, Cementation, Amalgamation—Ap- 
plication of Processes—Loas in Dreasing—Sampling. Prineiples of Employment 
of Mining Labour: Payment by Time, Measure, or Weight—By Combination of 
these By Value of Product. Legislation affecting Mines and Quarries: 
Ownership—Taxation— Working Reguiations—Metalliferous Mines Regulation Acts 
~Coal Mines Regulation Aot—Other Statutes. Condition of the Miner: Clothing 
—~ Housing—Education--Sickness—Thrift—Recreation. Accidents: Death Rate of 
Miners from Accidents—Relative Accident Mortality Underground and Above- 
ground—Claasification of Accidenta—Ambulance Training. j 


“This EPOCH-MAKING work . . . appeals to MEN OF RXPERIEXNCE no less than to 
students’. . . gives numercus examples from the MINING PRACTICE of EVERY COUNTRY, 
Many of its chapters are upon subjects not usually dealt with in text books. . ee, 
groat interest. . . . Admirably illustrated."—Serg- und Hilttenmdnntische Zeitung. : 

“ This srLanpip work.”—Orstlerr. Zischr/t. fir Berg- und Hilttenwesen. 
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SECOND EDITION, 8s. 6d. Leather, for the Pocket, 8s. 6d. 


— GRIFFIN’S ELECTRICAL PRIGE-BOOK. 


For Electrical, Civil, Marine, and Borough Engineers, Loeal 
Authorities, Architects, Railway Contractors, &c., &e. 


Epvirep By H. J. DOWSING, 
Member of the Institution of Electrical Engineers; of the Soctety of Arts; of the London 
Chamber of Commerce, &°c. 


“The ELgcTrRIcaAl Price-BookK REMOVES ALL MYSTERY about the cost of Electrical 
Power, By its aid the expense that will be entailed by utilising electricity on a large or 
small scale can be discovered.” — 4 ecArtect. 

© The value of this Electrical Price-Book CANNOT BR OVER-ESTIMATED. . . . Will 
save time and trouble both to the engineer and the business man.”— Machinery. 


GRIFFIN (John Joseph, F.CS.): 


CHEMICAL KRECKEATIONS: A Popular Manual of Experimenta 
Chemistry. With 540 Engravings of Apparatus. 7enth Eattion. Crown 
8vo. Cloth. Complete in one volume, Parts I, and II. Cloth, gilt 
top, 12/6. 

Part I1.—The Chemistry of the Non-Metallic Elements, 10/6. 


GURDEN (Richard Lloyd, Authorised Surveyor 


for the Governments of New South Wales and Victoria): 


TRAVERSE TABLES: computed to Four Places Decimals for every 
Minute of Angle up to 100 of Distance. For the use of Surveyors and 
Engineers. FourruH Epirion. Folio, strongly half-bound, 21/, 

*° Published with Concurrence of the Surveyors-General for New Sesh 
Wales and Victoria, 

“Those who have experience in exact SURVEY-woORx will best know how to appreciate 
the enormous amount of labour represented by this valuable book. The computations 
enable the user to ascertain the sines and cosines for a distance of twelve miles to within 
half an inch, and this BY REFERENCE To suT Ong TABLE, in place of the usual Fifteen 
minute computations required. This alone is evidence of the assistance which the Tables 


ensure to every user, and as every Surveyor in active practice has felt the want of such 
asaistance, few knowing of their publicanon will remain without them.” —Anpenerr. 


in Large 8vo, with Illustrations and Folding-Plates. 10s. 6a. 


BLAS TIN G: 
& Handbook for the Use of Engineers and others Engaged in 
Mining, Tunnelling, Quarrying, &c. 


By OSCAR GUTTMANN, Assoc. M. Inst. C.E. 


Meneber of the Societies of Ctutl Engineers and Architects of Vienna and Budapest, 
Corresponding Member of the Imp. Ray, Gtological Institution of Axstria, &'c. 
GENERAL GONTENTS.—Historical Sketch—Blasting Materials—Blasting Pow- 
der—Various Powder-mixtures—Gun-cotton—Nitro-glycerine and Dynamite— 
Other Nitro-compounds—Sprengel’s Liquid (acid) Explosives ~Other Means of 
Blasting—Qualities, Dangers, and Handling of Explosives—-Choice of Blasting 
Materials—Apparatus for Measuring Force—Blasting in Fiery Mines—Means of 
igniting Charges— Preparation of Blasts—-Bore-holes—Machine-drilling—-Chamber 
ines—-Charging of Bore-holes—Determination of the Charge—Blasting in Bore- 
holes—Firing—Straw and Fuze Firing—Electrical Firing—Substitutes for Electrical 
Firing—Results of Working—Various Blasting Operations—-Quarrying— Blasting 
Masonry, Irori and Wooden Structures—Blasting in earth, under water, of ice, &c. 
“This spMiRaBLE work.’—Colltery Guardian. 


“Should prove a vade-mecum to Mining Engineers and all engaged in practical work. 
ountvon and Coal Trades Review. 7, 
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Griffin’s Standard Publications — 


FOR 
ENGINEERS, ELECTRICIANS, ARCHITECTS, BUILDER», 
NAVAL CONSTRUCTORS, AND SURVEYORS. 


enna ar a serene pe 





PAGS 


Applied Mechanics, . Ranxiyr, Brownz, Jamizson, 35, 10, 26 


Civil Engineering, .. Pror. Ranking, 35 
Bridge-Construction, .  Pror. Fiptern, .. 17 
Design of Structures, . S. ANGLIN, . : 4 
Sewage Disposal Works, Santo Crimp, . . 18 
Traverse Tables, . ; R. L. Gurepen, . 19 

Marine Engineering, A. E. Seaton, .  . 45 
Stability of Ships, Sir E. J. Resp, 38 

The Steam-Engine, . ‘ RANKINE, JAMIESON, . 35, 26 
Valves and Valve-Gearing, Cuas. Hurst, . . 23 

Gas, Oil, and Air-Engines, Bryan Donarn, 16 

Boiler Construction, . 7. W. Trams .  . 49 
» Management, R. D. Mouwro, . 30 

Chemistry for Engineers, Briount & Bioxam, . 7 

Fuel and Water (for ScuWACKHOFER AND 44 
Steam Users), Browne, 

Machinery and Millwork, $Pror. Rawxinz, . 85 
Hydraulic Machinery, . Pror. Ropinson, . 42 
Metallurgical Machinery, JI. C. Jenxins, . 441 

Nautical Text-Books, Captain Biackmons (Ed.), 21 


Useful Rules and Tables Prors. RANKINE = 35 
for Engineers, &¢., . J AMIESON, 
Electrical Pocket-Book, |§ Munro anp Jamirson, 31 
Electrical Price-Book,. H. J. Dowsine,. . 19 
The Calculus for Engineers, Pror. Rost. H.Smrru, 48 
Graphic Tables for Con- 
version of Measurements, Pror. Rost. H.Smirs, 48 


Marine Engineers’ Pocket- 
Book, . Sgaton aNd Rountawarrs, 45 
Nystrom’s Pocket-Book, Dennis Marxs,. . 33 


named 
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GRIFFIN’S NAUTICAL SERIES. 


EpIrep By EDW. BLACKMORE, 
Master Mariner, First Class Trinity House Certificate, Assoc. Inst. N.A. ; 
AND WRITLEN, MAINLY, by SAILORS for SAILORS. 


In Crown Svo. With Illustrations and Plates. 





melee 


‘““ A VERY USEFUL SERIHS.”—Nature. “This ADMIRABLE SERrks.”— Fairplay. 

‘“ The volumes of MESSRS. GRIFFIN’S NAUTIOAL SERIES may well and profitably be 
read by ALL interested in our NATIONAL MARITIMR PROGRESS.”—Marine Engineer. 

“ EVERY SHIP should have the WHOLE SERIES as a REFERENCE LIBRARY. HAND- 
SOMELY BOUND, CLEARLY PRINTED and ILLUSTRATED.” —Liverpool Journ. of Cor 


The British Mereantile Marine: An Historical Sketch of its Rise 
and Development. By the Epiror, Capt. BLACKMORE. 8s. 6d. 


“This ADMIRABLE book . . . TEEMS with useful information. Should be in 
the hands of every Sailor.”-~Western Morning News. 


Elementary Seamanship. By D. Witsoy-Barker, Master Mariner, 
F.R.S.E., ¥.R.G.8. With numerous Plates, two in Colours, and Frontispiece. 5s. 


“This ADMIRABLE MANUAL, by CAPT. WILSON BARKER, of the ‘ Worcester,’ asems 
tO us PERFECTLY DESIGNED.” —Afthencum. 


Know Your Own Ship : A Simple Explanation of the Stability, Con- 
struction, Tounage, and Freetward of Ships. By THos. WALTON, Naval Architect, 
Late Lecturer to Ships’ Officers, Government Navigation School, Leith. With 
numerous Illustrations. THIRD RDITION. 6s. 

“Mr. WaLton’s book will be found VERY USEFUL."—The Engineer. 


Navigation : Theoretical and ‘Practical. By D. Witson-BarkeEr, 
Master Mariner, 4c., and WILLIAM ALLINGHAM. 38. 6d. 
‘PRECISELY the kind of work required for the New Certificates of competency in 


grades from Second Mate to extra Master. . . . Candidates will find {t INVALU- 
ABLEL”-—Dundev Advertiser. 





cntmemee see 


Latitude and Longitude: How to find them. By W. J. Mizar, 
C.K., late Sec. to the Inat. of Engineers and Shipbuilders in Scotland. 2. 
“Cannot but prove an acyuisition to those atudying Navigation.”--Marine Engineer. 





foe ents wipe eevee nrresy 


Practical Mechanies: Applied to the requirements of the Sailor. 
By THOS. MACKENZIK, Master Mariner, FLR.A.S. 38. 6d. 
‘““WELL WORTH the money . . . EXCEKDINGLY HELPFU1.”-—-Shipping World. 





Ocean Meteorology: For Officers of the Merchant Nayy. By 
WILLIAM ALLINGHAM, First Class Honours, Navigation, Science and Art Dep. 


et ee et ee 


Trigonometry : For the Zang See &c. By Ricn. C, Bucs, of the 
ames Nautical Training College, H.M.8. ‘‘ Worvester.” Price 8s. 6d. 


Practical Algebra. By Rion, ©. Buck. [Shortiy. 


A Medical and Surgiea! Help for Shipmasters and Officers 
IN THE MERCHANT Navy. Including First Aid at Sea. By WM. JoHNSON SMITH, 
F.R.C.S., Principal Medical Officer, Seaman's Hospital, Greenwich. With Illustra: 
tions and Coloured Plates. Handsome Cloth, 6s. 

“~~ -p, JUDIOLOUS, REALLY HELPFUL.” "" 


The Legal Duties of Shipmasters and Officers. By Benzpicr Wu. 
mon w—g M.A., LLD., Barrister-at-Law. 
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Griffin's Geological, Mining, and 
Metallurgical Publications. 


Geology (Stratigraphical), 

» (Physical), . 

» (Practical), . 

», (Introduction to), 
Mine Accounts, . 
Mine-Surveying, 

Mining, Coal, 

», Ore and Stone, . 
Blasting and i 
Assaying, . 

Metallurgy, 

” (Introduction to), 

», (Elementary), 
Gold, Metallurgy of, 
Getting Gold, 

Iron, Metallurgy of, 
Electro-Metallurgy,. * 
Electric Smelting, — 
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PAGE 

R. ErHeriper, . ; 32 
Pror. SEELEY, . 32 
Pror. Oois, 12 
- 12 
Pror. Lawn, . 28 
B. H. Broveau, . 10 
H. W. Hvaaes,. ; 24 
Pror. Le Neve Foster, 18 
O. GUTTMANN, . 19 
J.J. & C. Buninenk. 8 


PHILLIPS AND BAVERMAN, 34 
Pror. RosBerts-AUSTEN, 41 


Pror. Sexton, . 46 
T. K. Ross, ; 43 
J.C. F. JoHnson, 28 
Tuos. TURNER, . , 50 
W.G. M‘Miuitan,. 29 


Borcut Rs AND M‘MILLaN, 29 
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Griffin’s “Health ” Publications. 


Ambulance, 

Disinfection and Disinfee- 
tants, 

First Aid at Sea, 

Foods and Poisons, . 

Hygiene, 

Practical Sanitation, 

Sewage Disposal Works,. 

Hygienic Prevention of 

nsumption, 


Dr. RrppEw, . i 40 
Dr. RIvEAL, ; P 39 
Wu. Jounson Smity, . 40 
A. Wynter Buytu, . 9 


Suxceon-Masor Davies, 14 

Dr. Gro. REx, . ‘ 39 

Santo CRIMP, . 18 

De. Squins. [See Medical 
Catalogue. | 
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Griffin's Chemical and Technological Publications. 


PAGS 





Chemistry for Engineers 
and Manufacturers, . MM. Biount anp Bioxam, 7 


Bleaching and Calico- 


Printing, Gro. Dugrr, . . 14 
Brewing, . , ; Dr. SyKEs, 47 
Cements, . ; G. R. RepG@rave, 36 
Disinfectants, . , Dr. RIpeEAL, , 39 
Dyeing, .  . . MM. Knecut anp Rawson, 27 

» and Cleaning, . G.H. Hurst, . . 25 
Fermentation, . : LAFAR AND SALTER, . 47 
Foods, Analysis of, . . Wryrer Biyru, 9 


Gas Manufacture, . W. ATKINSON BuTTERFIELD, 11 
Oils, Soaps, Candles, ; Dr. ALDER Wricat,. 52 
Painters’ Colours, Varnishes, G. H. Hurst, . . 28 


Petroleum, ; ¢ MM. Repwoop anp Hotioway, 37 
Photography, . ., A. Brotuers, . 8 
Poisons, Detection of, . Wrnter Birra, 9 
Textile Printing, ©. © | Seymour Roruweut,. 44 


In Large 8vo. With Numerous Itlustrations. Price 7s. 6d. 


VALVES AND VALVE-GEARING: 


A PRACTICAL TEXT-BOOK FOR THE USE 
OF ENGINEERS, DRAUGHTSMEN, AND STUDENTS. 


BY 
CHARLES HURST, Practical Draughtsman. 


© seer, and THOROUGHLY PRACTICAL. Will undoubtedly be found of GREaT VALUE to 
all concerned with the design of Valve-gearing.” - Mechanical World. 

“ Dealt with in a smMPLE and INTERESTING manner, . . . Almost EVERY tyre of 
VALVE and its gearing is clear]: set forth, and illustrated in such @ way as to be ReADILY 
UNDRRSTOOD and PRACTICALLY APPLIED by either the KMngineer, Draughtsman or Student. 
. . . Should prove both cseruL and VaLvaBLe to all Engineers s coking fur RELIABLE and 
CLeAR information on the subject Its moderate price brings it within the reach of alL"— 

ndustries and Jeon 

“ Mr. Horest’s work is ADMIRABLY sulted to the needs of the practical mechanic, . . . 
itis free from any elaborate theoretical discussions, and the explanationa of the various 
id of valve-gear are accompanied by diagrams which render them EASILY © sae Rar 
—The Scientific American. 
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COAL-MINING (A Text-Book of): 


FOR THE USE OF COLLIERY MANAGERS AND OTHERS 
ENGAGED IN COAL-MINING. 


BY 


HERBERT WILLIAM HUGHES, FGS., 


Assoc. Royal School of Mines, Certificated Colliery Manager. 


THIRD Epirion. J Demy 8vo, Handsome Cloth. With very Numerous 
Liustrations, mostly reduced from Working Drawings. 185. 


“ The details of colliery work have been fully described, on the ground that 
collieries are more often made REMUNERATIVE by PERFECTION IN SMALL MATTERS 
than by bold strokes of engineering. . . . It frequently happens, in particular 
localities, that the adoption of a combination of small improvements, any of 
which viewed separately may be of apparently little value, turns an unprofitable 
concern into a paying one,"”—L:xtract from Author's Preface. 





ars 


GENERAL CONTENTS. 


Geology: Rocks -Faults—Order of Succession—Carboniferous System in Britain. 
Coal: Definition and Formation of Coal-— Classification and Commercial Value of Coals, 
Search for Coal: Boring —various applances used- -Devices employed to meet Difficulties 
ef deep Boring —Special methods of Boring— Mather & Platt's, American, and Diamond 

stems—Accidents in Boring--Cost of Boring—Use of Boreholes. Breaking Ground; 
ools—-Transmission of Power: Compressed Aur, Electricity— Power Machine Drills—Coal 
Cutting by Machmery—Cost of Coal Cutting--Explosives— Blasting in Dry and Dusty 
Mines-- Blasting by Electricity— Various methods to supersede Blasting. Sinking: 
Position, Form, and Size of shaft—Operation of getting down to ‘ Stone-head "-—-Method of 
oceeding afterwards--Lining shafts--Keeping out Water by Tubling—Cost of Tubting— 
inking by Boring—Kind - Chaudron, and Lipmann methods-—-Sinking through Quicksands 
—Cost of Sinking. Preliminary Operations. Driving underground Roads—Supporting 
Se ee en earns : Bs bee peat i : oat 


ee F ngwall Method—Double Stall Method—Working Steep 
Working Thick Seams—Working Seams lying near together-- Spontaneous Combustion, 
Haulage: Rails—Tubs— Haulage by Horses-—Self-acting Inclines~—Direct-acting Haulage 
—Main and Tail Rope—kndless Chain Endless RKope- -Comparison. Winding; Pit 
Frames ~— Pulleys—Cages-- Ropes— Guides —Engines— Drums—Brakes— Counterbalancing— 
Expansion—- Condensation—Compound Engines— Prevention of Overwinding— Catches at pit 
top—Changing Tubs—Tub Controllers— Signalling. Pumping: Bucket and Plunger 
Pumps — Supporting Pipes in Shaft — Valves — Suspended lifts for Sinking —- Cornish and 
Bull Engines—Davey Differential Engine-~-Worthington Pump—Calculations as to size of 
Pumps-——Draining Deep Workings—Dams. Ventdlation: Quantity of air required— 
Gases met with in Mines—Coal-dust--Laws of Friction—Production of Air-currents— 
Natural Ventilation—Furnace Ventilatiou—-Mechanical Ventilators- Efficiency of Fans-— 
Comparison of Furnaces and Fans—Distrbution of the Air-current— Measurement of Air- 
currents. Lighting: Naked Lights - Safety Lamps— Modern Lamps — Conclusions—- 
Locking and Cleaning Lamps-- Electric Light Onderground—Delicate Indicators. Works 
at Surface; Boilers—~Mechanical Stoking—Coal Conveyors— Workshops. Preparation 
of Coal for Market: Genera] Congideratione< Tipplera= dcreens=Varving the Sizes made 
by Screens— Belts— Revolving Tables— Loading Shoots—Typical Illustrations of the arrange- 
ment of Various Screening Establishments— Coal Washing--Dry Coal Cleaning —Briquettes. 


st Pryerramrennned wet mee eet ee te te ene 


‘* Quite THE BEST BOOK ofits kind . . . aS PRACTICAL in aim asa book canbe... , 
touches upon every point connected with the actual working of collieries. The illustrations 
are EXCRLLENT.”—A thenaum. 

‘““A Text-book on Coal-Mining is a great desideratum, and Mr. Hucres possesses 
ADMIRABLE QUALIFICATIONS for supplying it. . . . We cordially recommend the work,” 
Colliery Guardian, 

‘*Mr. Hucnes bas had opportunities for study and research which fall to the lot of 
but few men. If we mistake not, his text-book will soon come to be regarded as the 
STANDARD WoRK of its kind.”—Birmingham Daily Gasette. 

*,* Note.—The first large edition of this work was exhausted within a few months of 
publication. 


“_— 
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WORKS BY GEORGE H. HURST, F.C.S., 


Member of the Society of Chemical Industry ; Lecturer on the Technology of Painters’ 
Colours, Oils, and Varnishes, the Municipal Technical School, Manchester. 


New Work BY Mr. Hurst. 


COLOUR-THEORY AND ITS PRACTICAL 
APPLICATION TO PAINTING, DYEING, and 
THE TEXTILE INDUSTRIES. 


In Large Crown 8vo, With Illustrations and Plates (some in Colours). 


HURST’S PAINTERS’ COLOURS, OILS, AND 
VARNISHES (A Practical Manual). Seconp Eprrion, Revised and 
Enlarged. With [lustrations. Las. 6d. 


GENERAL CONTENTS,——Introductory—THE COMPOSITION, MANUFACTURE, 
ASSAY, and ANALYSIS of PIGMENTS, White, Red, Yellow and Orange, Green, 
Blue, Brown, and Rlack—-ILAKES—Colour and Paint Machinery—Paint Vehicles 
{Oils, Turpentine, &c., &c.)—Driers—VARNISHES. 


“This useful book will prove MosT VALUABLE.”—Chemucad News. 

“A practical manual in every respect...) -EXCERDINGLY INSTRUCTIVE. The 
section on Varnishes the most reasonable we have met with.”— Chemist and Druggist. 

‘© VERY VALUABLE information is given.”—-Plumsber and Decorator. 

‘© A THOROUGHLY PRACTICAL book, . . . the ONLY English work that satisfactorily 
treats of the manufacture of oils, colours, and pigments.”—Chemical Trades’ ¥ournal 

“Throughout the work are scattered hints which are INVALUABLE."—Jxvention. 


HURST’S GARMENT DYEING and CLEANING 


(A Practical Book for Practical Men). With Numerous Illustrations, 
4s. 6d. 


GENERAL CONTENTS.—Technology of the Textile Fibres—Garment Cleaning 
— Dyeing of Textile Fabrics—Bleaching—Finishing of Dyed and Cleaned Fabrics— 
Scouring and Dyeing of Skin Rugs and Mats—Cleaning and Dyeing of Feathers— 
Glove Cleaning and Dyeing—Straw Bleaching and Dyeing—Glossary of Drugs 
and Chemicals—Useful ‘Tables. 


‘© Av UP-TO-DATE hand book has long been wanted, and Mr. Hurst has done nothing 
more complete than this. An imnortant work, the more so that several of the branches of 
the craft here treated upon are almost entirely without Frglish Manuals for the guidance 
of workers, The price brings it withia the reach of all."—Dycr and Calico- Printer. 

‘““Mr. Hurst’s work DECIDEDLY FILLS A WANT . . . ought to be in the hands of 
€VERY GARMENT DVER and cleaner in the Kingdom”—Tertile Mercury. 
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WORKS BY 
ANDREW JAMIESON, M.INsT.C.E., M.LE.E.,, F.R.S.E, 


Profasser of Electrical Engincering, The Glasgow and West ef Scotland 
Technical College 


PROFESSOR JAMIESON’S ADVANCED MANUALS. 
in Large Crown 8vo. Fully Illustrated. 


1. STEAM AND STEAM-ENGINES (A Text-Book on). 


For the Use of Students preparing for Competitive Examinations. 

With over 200 Illustrations, Folding Plates, and Examination Papers. 

TWELFTH EDITION. Revised and Enlarged, 8/6. 

“ Professor Jameson fascinates the reader by his CLEARNESS OF CONCEPTION AND 
SIMPLICITY OF EXPRESSION. Hts treatment recails the lecturing of Faraday.” —A thenarscon. 

‘The Bast Book yet published for the use of Students.” —Angineer. 

** Undoubtedly the MOST VALUABLE AND MOST COMPLETE Hand-book en the subject 
that now exists.”-- Marine Encvineer. 


2. MAGNETISM AND ELECTRICITY (An Advanced Text- 


Book on). Specially arranged for Advanced and ‘‘ Honours ” Students. 


3. APPLIED MECHANICS (An Advanced Text-Book on). 


Vol. [.—Comprising Part I.: The Principle of Work and its applica- 
tions; Part II.: Gearing. Price 7s.6d. SFCOND EDITION. 
““FuLLY MAINTAINS the reputation of the Author—more we cannot say."—Pract, 
Engineer. 
Vol. [I1.—Comprising Parts III. to VI.: Motion and Energy; Graphic 
Statics; Strength of Materials; Hydraulics and Hydraulic Machinery. 
Price 7s. 6d. [Mow ready. 





PROFESSOR JAMIESON’S INTRODUCTORY MANUALS. 


With numerous Tiilustrations and Examination Papers. 


1. STEAM AND THE STEAM-ENGINE (Elementary Text- 


Book on). For First-Year Students. FirtH EDITION. 3/6. 
id Sear the RIGHT SORT OF BOOK.” —Engineer. 
** Should be in the hands of gvury engineering apprentice.”—Practical Enginerr. 


2, MAGNETISM AND ELECTRICITY (Elementary Text- 


Book on). For First-Year Students. FourTH EDITION. 3/6. 


* A CAPITAL TEXT-BOOK . . . The diagrams are an important feature.”—Schoolmaster. 
A THOROUGHLY TRUSTWORTHY Text-book . . . Arrangement as good as well 
can be. . . . Dagrams are also excellent. . . The subject throughout treated as an 


essentially PRACTICAL one, and very clear instructions given.”—-Nature. 


3. APPLIED MECHANICS (Elementary Text-Book on). 
Specially arranged for First-Year Students. SECOND Epirion. 3/6. 


“Nothing is taken for granted. . . . The work has VARY HIGH QUALITIES, which 
may be condensed into the one word ‘cuRAR.’”—Science and Art. 


Neeaeninees meee 
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A POCKET-BOOK of ELECTRICAL RULES and TABLES. 


FOR THE USE OF ELECTRICIANS AND ENGINEERS. 
Pocket Size. Leather, 8s. 6d. 7welfth Edtiton, revised and enlarged. 
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** The MOST VALUABLE and UFEFUL WORK on prcne that has yet appesred in the English 
language .. . likely to be rue Stanvarp Work or Rererence for yeats to come." 
Textile Mercury. 


In Two Large 8vo Volumes, 920 
ap., with a SUPPLEMENTARY 
Volume, containins Specimens 


of Dyed Fabrics. Handsome 
Cloth, 45s. 








A 


MANUAL OF DYEING: 


FOR THE USE OF PRACTICAL DYERS, MANUFACTURERS, STUDENTS, 
AND ALL INTERESTED IN THE ART OF DYEING. 


E. KNECHT, Ph.D., F.1.C., CHR. RAWSON, F.1.C., F.C.S., 
Head of the Chemistry and Dyers Department of Late Head of the Chemistry and Dyeing Department 
the Technical School, Manchester; Editor of “ The of the Technical College, Bradford; Member of 
Journal of the Society of Dyers and Colourista;” Council of the Suclety of Dyers and Colourista; 


And RICHARD LOEWENTHAL, Ph.D. 


GENERAL Contents.—Chemical Technology of the Textile Fabrics— 
Water —Washing and Bleaching — Acids, Alkalies, Mordants — Natura] 
Colouring Matters— Artificial Organic Colouring Matters— Mineral Colours 
~-Machinery used in Dyeing---Tinctorial Properties of Colouring Matters— 
Analysis and Valuation of Materials used in Dyeing, &c., &c. 


This MOST VALUABLE WORK . . . will be widely appreciated."— Chemical News. 


‘This authoritative aud exhaustive work . . . the MosT COMPLETE We have yet seen 
on the subject." —TZertile Manufacturer. 

* The MOaT KXHAUSTIVE and COMPLETE WORK On the subject extant. —TZexttle Recorder. 

“ The distinguished authors have placed in the hands of those daily engaged in the dye- 
house or laboratory a work of KXTREME VALUE and UNDOUBTED UTILITY . . . appeals 
quickly to the technologist, colour chemist, dyer, and more particu larly to the rising dyer 
of the present generation. A book which itis refreshing to meet with."—American Texttle 
Record. 
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GETTING GOLD: 


A GOLD-MINING HANDBOOK FOR PRACTICAL MEN. 


BY 


J. OC F. JOHNSON, F.G.8., ALM E., 


Life Member Australasian Mine-Managers’ Association, 


Crown 8vo, Hxtra. With Illustrations, Cloth, 3s. 6d. 


“Should prove of the QREATEST VALVE. Almost every page bristles with sugres- 
tions. "— Financial News. 


_ “ PRacrIcAL from beginning toend . . . deals thoroughly with the Prospecting, 
Sinking, Crushing, and Extraction of gold.”-- Brit. Australasian, 


Directors and those interested in the formation of companies would du well to pur- 
chase Mr, Johnson's book.!'— Mining Jeurnad. 


“The reader, be he miner or novice, will gain from Mr. Johnson’s book a akip of the 
gold industry.” —African Critte. 


‘‘Should be specially commended to all who have any idea of proceeding to the gold 
felds.”~ Financial Truth, 


“The most striking elements are the numerous ‘TIPS’ and USEFUL WRINKLES given.” 
—- Standard. 


“(ne is lost in admiration at the wealth of knowledge displayed "~-Nutare. 


« Evidently the well-matured prudact of a scientist of well-trained and tried exp: rience.”— 
South Africa. 


NEW VOLUME OF GRIFFIN’S MINING SERIES. 


Edited by C. LE NEVE FOSTER, D.Sc., F.BS., 
H.M. Inspector of Mines, Professor of Mining, Royal School of Mines. 


Mine Accounts and Mining Book-keeping, 


A Manual for the Use of Students, Managers of 
Metalliferous Mines and Collieries, and 
others interested in Mining. 


With very Numerous Examples taken from the Actual Practice 
of leading Mining Companies throughout the world. 


- 


BY 


JAMES G. LAWN, Assoc.R.S.M., 


Professor of Mining at the South African School of Mines, Capetown, 
Kimberley, and Johannesburg. 


In Large 8vo. Price 10s. 6d. 
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WOoRES BY 
WALTER G. M‘MILLAN, F.LC, F.GS., 


Secretary to the Instituti n of Electrical Engineers; late Lecturer in Metallurgy 
al Mason College, Birmingham. 


ELECTRIC SMELTING AND REFINING : 


A PRACTICAL MANUAL OF 


THE EXTRACTION AND TREATMENT OF MeTALs BY ELEOTRICAL METHODS. 
Being the ‘‘ ELEKTRO-METALLURGTE” of Dr. W. BorcHERS. 


Translated from the Second German dition 
By WALTER G. M‘MILLAN, E.LC., EF.C.S. 


In large 8vo. With Numerous lustrations and Three Folding-Plates, 
Price 2s. 

*,* THE PUBLISHERS beg to call attention to this valuable work, Dr. BORCHERS’ 
treatise ig PRACTICAL throughout. Tt confines itself to ONK branch of Electro-Chemustry, 
viz. 1-- ELECTROLYSIS, a subject which is daily becoming of more and more importance to 
the Practical Metaflurgist and Manufacturer. Already in the extraction of Aluminium, 
the refining of Copper, the treatment of Gold and other metals. electrical processes are 


fast tuking che place of the older methods. Dr. BoncHEeERs’ work is acknowledged as the 
standard authority on the subject in Germany. 


CONTENTS. 


Part [.—ALKALTES AND ALKALINE EartH Metats: Magnesium, 
Lithium, Beryllium, Sodium, Potassium, Calcium, Strontium, Burium, 
the Carbides of the Alkaline Karth Metuls Parr J]. -- Tan Earru 
Merats: Aluminimn, Cerium, Lanthanum, Didymium. Parr IL—Tue 
Heavy Mrtaut-: Copper, Silver, Gold, Zine and Cadmium, Mereury, Tin, 
Lead, Bismuth, Antimony, Chromium, Molybdenum, Tungsten, Uranium, 
Munganese, Tron, Nickel, and Cobalt, the Platinum Group. 

“COMPREHENSIVE and AUTHORITATIVE 2...) not only FULL of VALUABLE INFOR- 


MATION, but gives evidence of a THOROUGH INSIGHT into the technical VALUE and 
POSSIBILITIES Of ull the methods diseussed.”— The Hlectriecan, 


1 nomena: 





ELECTRO-METALLURGY (A Treatise on): 


Embracing the Application of Electrolysis to the Plating, Depositing, 
Smelting, and Refining of various Metals, and to the Repro. 
duction of Printing Surfaces and Art-Work, &c. 


By WALTER G. M‘MILLAN, F.LC., F.CS. 
With numerous Illustrations. Large Crown 8vo. Cloth 108. 6d. 


‘‘ This excellent treatise, . . . one of the pest and MOST COMPLETE 
manuals hitherto published on Electro-Metallurgy.”—Electrical Reviere. 

‘This work will be a stanDaRrn.”— Jeweller. 

‘“‘Any metallurgical process which rEpucES the cost of production 
must of necessity prove of great commercial importance, . . . We 
recommend this manual to aLL who are interested in the PRACTICAL 
APPLICATION of electrolytic processes.” — Nature. 
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MACKENZIE (Thos., Master Mariner, F.R.A.S.): 


PRACTICAL MECHANICS: ArrvLrep to the REQUIREMENTS of 
the SAILoR. Crown 8vo, with numerous Tllustrations, Handsome 
Cloth. 3s. 6d. [Grigin’s Nautical Series. 


GENERAL Conrents.— Resolution and Composition of Forces Work done 
by Machines and Living Agents—TThe Mechanical Powers: The l.ever; 
Derick as Bent Levera—'The Wheel and Axle: Windlass ; Ship’s Capstan ; 

Srab Winch—Tackles: the ‘‘Old Man ”—The Inclined Plane : the Screw— 
The Centre of Gravity of a Rents and Cargo — Relative Strength of Rope : 
Steel Wire, Manilla, Hemp, (oir-—Derricks and Shears-—-Calculation of the 
Cross-breaking Strain of f Fir Spar—Centre of Effort o. Sails—Hydrostatics : 
the Diving-bell; Stability of Floating Bodies ; the Ship’s Pump, &e. 


“THIS EXCELLENT BOOK , . . contains @ LARGE AMOUNT of information.” 
—Nature. 

“* WELL WoRTH the money . . . will be found EXCEEDINGLY BELPFUL.”— 
Shiny) ny World, 

Mo SHIPS’ OVFICERS’ BOOKCASE will henceforth he complete without 
CAPTAIN MACKENZIE’s ‘ Practical Mecuanics.’ Notwithstanding my. many 
years’ experience at sea, it has told me ow much more there is to acquire.’ 
{Letter to the Publishers from a Master M: ariner). 


ee ee cmt tee bearer 


MILLAR (W. J., C.E., late Secretary to the Inst. 


of Engineers and Shipbuilders in Scotland) : 


LATITUDE AND LONGITUDE: low ro FIND THEM. Crown 
8vo, with Diagrams, 2». [Grifin’s Nautical Series, 


** CONCISELY and CLEARLY WHITTEN... cannot but prove an acquisition 
to those studying Navigation.”- Marine Engineer. 
** Young Seamen will find it HANDY and USEFUL, SIMPLE and CLEAR.”~ The 
Engineer. 


ee ee ee tee te ety See ete er 


% 


Szoonp Eprrion. Enlarged, and very fully IUustrated. Cloth, 48. 6d. 


STEAM - BOILERS: 


THEIR DEFECTS, MANAGEMENT, AND CONSTRUCTION. 


By R D MUNRO, 
Chief Engineer of the Scottish Boiler Inaurance and Engine Inspection Company. 
This work contains information of the first importance to every user of 
Steam-power. It is a PRACTICAL work written for PpRACTIVAL men, the 
language and rules being throughout of the simplest nature. 
* A valuable companion for workmen and engineers engaged about Steam 
Boilers, ougnt to be carefully studied, and ALWAYs AT HAND.”—~ Coll. Guardiam. 
“The book is VERY USEFUL, especially to steam users, artisans, and 
young engineers.” — Hngineer. 


By THE SAME AUTHOR. 


KITCHEN BOILER EXPLOSIONS: Why 


they Occur, and How to Prevent their Occurrence? A Practical Hand- 
book based on Actual Experiment. With Diagrams and Coloured Plate, 
Price 3s. 
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MUNRO & JAMIESON’S ELECTRICAL POCKET-BOOK. 


TWELFTH EpITion, Revised and Enlarged. 


A POCKET-BOOK 
ELECTRICAL RULES & TABLES 


FOR THE USE OF ELECTRICIANS AND ENGINEERS. 


BY 
JOHN MUNRO, C.E., & Pror. JAMIESON, M.Inst.C.E., F.R.S.E. 


With Numerous Diagrams. Pocket Size. Leather, 8s. 6d. 


GENERAL CONTENTS. 


UNITS OF MEASUREMENT. ELECTRO-METALLURGY. 
MBASURES. BATTERIES. 
TESTING. DYNAMOS AND Morors. 
CONDUCTORS, TRANSFORMERS. 
DIELECTRICS, ELECTRIC LIGHTING. 
SUBMARINE CABLES. MISCELLANEOUS. 
TELEGRAPHY. LOGARITHMS. 
ELECTRO-CHEMISTRY. APPENDICES. 

““WONDERFULLY Perrecr. . . . Worthy of the highest commendation we can 


give it.”-—Adectorcian. 
“The Srertinc VaLug of Messrs. Munro and JAmigson’s Pocxet-Boor.”— 
Electrical Review. 


MUNRO (J. M. H., D.Sc., Professor of Chemistry, 


Downton College of Agriculture): 


AGRICULTURAL CHEMISTRY AND ANALYSIS: A Prac. 
TICAL HAND-Book for the Use of Agricultural Students. 


NYSTROM'S POCKET-BOOK OF MECHANICS 
AND ENGINEERING. Revised and Corrected by W. DENNIS MARKS, 
Ph.B., C.E. (YALE S.5.5.), Whitney Professor of Dynamical Engineering, 
University of Pennsylvania. Pocket Size. Leather, 15s: TWENTIETH 
EDITION, Revised and greatly enlarged. 
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Demy 8vo, Handsome cloth, 18s. 


Physical Geol ogy and Paleontology, 


ON THE BASIS OF PHILLIPS. 
BY 


HARRY GOVIER SEELEY, F.R.S, 


PROFHSSOR OF GBOGRAPHY IN KING'S COLLEGE, LONDON, 


With Frontispiece in Chromo-Litbograpby, and $llustrations, 


earner mere re me 





“It is impossible to praise too highly the research which PROFESSOR SEELEY’S 
‘PHYSICAL GROLOGY evidences, IT IS FAR MORE THAN A TEXT-BOOK—it is 
a DIRECTORY to the Student in prosecuting his researches.” — Presidential Ad- 
dress to the (reological Society, 1885, by Rev. Prof. Bonney D.Sc, LL.D, F.RS. 

“PROFESSOR SEELEY maintains in his ‘ PHysicaL GroLocy’ the high 
reputation he already deservedly bears as a Teacher,” — Dr. Henry Wood- 
ward, F.R.S., in the “ Geological Magazine.” 

“ PROFESSOR SEELEY'S work includes one of the most satisfactory Treatises 
on Lithology in the English language. . . . So much that is not accessible 
m other works 1s presented in this volume, that no Student of Geology can 
afford to be without it.”—A merican Journal of Engineering. 


Demy 8vo, Handsome cloth, 


Stratigraphical Geology & Paleontology, 


ON THE BASIS OF PHILLIPS. 
BY 


ROBERT ETHERIDGE, F.R.S, 


OF TME NATURAL HIST. DEPARTMENT, BRITISH MUSEUM, LATE PALAONTOLOGIST TO THE 
GROLOGICAL SURVRY OF GREAT BRITAIN, PAST PRESIDENT OF THR 
GROLOGICAL SOCIETY, ETC. 


With Map, Rumerous Tables, and Thirtpesir Plates, 


*,° Prospectus of the above important work—perhaps the MOST ELABORATE @ 
its hind ever written, and one calculated to geve a new strength to the st 
of Geology in Brstain—may be had on application to the Publishers. 


** Ne such i prema of geological knowledge has ever been brought together before ”-- 
Wastmmster Review 

‘lf Prog, Saauey’s volume was remarkable for its originality and the breadth of its views, 
Mr, Ermerivcs full y justifies the assertion made in his preface that his book differs in com 
struction and detail from Hae ee manual . . . Must take HIGH RANK AMO! 
OF RMPERENCE.”—A thenorm 
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Painting and Decorating: 


A Complete Practical Manual for House 
Painters and Decorators. 


Embracing the Use of Materials, Tools, and Appliances; the 
Practical Processes involved; and the General Principles 
of Decoration, Colour, and Ornament. 


BY 
mm 
WALTER JOHN PEARCE, 
LECTURER AT THE MANCUMSTER TECHNICAL 8CHOOL FOR HOURK-PAINTING AND DECORATING. 
In Crown S8vo. extra. With Numerous Illustrations and Plates 
(some ip Colours), including Original Designs. 


*,*" Mx. Pearce’s work is the outcome of many years’ practical ex- 
perience, and will be found invaluable by all interested in the subjects 
of which it treats. It forms the Companion- Volume to Mr. GEo. Hurst’s 
well-known work on ‘‘ PAINTERS’ CoLourRs ” (see p. 25). 


Open-Air Studies in Botany: 
SKETCHES OF BRITISH WILD FLOWERS IN 
THEIR HOMES. 


BY 
R. LLOYD PRAEGER, B.A., MRA. 


Illustrated by Drawings from Nature by S. Rosamond Praeger, 
and Photographs by R. Welch. 


In Crown 8vo. extra. Handsome Cloth, 7s. 6d. 
Gilt, for Presentation, 8s. 6d. 


GENERAL ContTents.—A Daisy-Starred Pasture—Under the Hawthorns 
—Hy the iver—Along the Shingle—A Fragrant Hedgerow —A Connemara 
Bog-—-Where the Samphire s iaahesers Flowery Meadow—Among the Corn 
(a Study in Weeds)—In the Home of the Alpines—A City Rubbish-Heap— 


Glossary. 

‘A PRESH AND STIMULATING book . . . should takeahigh place . . . The 
Tilustrations are drawn with much skill."—The Timea. 

‘BEAUTIFULLY ILLUSTRATED. . . . One of the MOST ACOURATE as well as 


INTERESTING bovuks of the kind we have seen.” —A thenceum. 
‘ Redolent with the scent of woodland and meadow.” —The Standard, 
“A Series of STIMULATING and DELIGHTFUL Chapters on Field-Botany.”—The 
Seotemnan. 
*,* Companion-Volume to Prof. Grenville Cole’s fascinating ‘‘ Open-Air Studies in 
Geology” (see p, 12), 
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Tuirp Eprrion. With Folding Plates and Many Illustrations. 
Large 8vo. Handsome Cloth. 36s. 


ELEMENTS OF METALLURGY: 


A PRACTICAL TREATISE ON THE ART OF EXTRACTING METALS 
FROM THEIR ORES, 


By J. ARTHUR PHILLIPS, M.Inst.C.E., F.C\S., F.G.S., &e. 
Anp H. BAUERMAN, V.P.G.S. 


re emer ett 


GENERAL CONTENTS. 


Refractory Materials. | Antimony. Iron. 
Fire-Clays. Arsenic. Cobalt. 
Fuels, &c. _ Aine, Nickel. 
Aluminium. Mercury. Silver, 
Copper, ' Bismuth, | Gold, 

Tin, Lead. | Platinum. 


*," Many NOTABLE ADDITIONS, dealing with new Processes and Developmenta, 
will be found in the Third Edition, 


“Of the Tairp Epirien, we are still able to say that, as a Text-book of 
Metallurgy, it is THE BEST with which we are acyuainted.”— Kngineer. 

“The value of this work is almost inestomable. There can be no question 
that the amount of time and labour bestowed on it is enormous. . . . There 
is certainly no Metallurgical Treatise in the language calculated to prove of 
such general utility. ’~—-M miny Journal. 

“In this most useful and handsome volume is condensed a large amount of 
valuable practical knowledge. <A careful study of the first division of the book, 
on Fuels, will be found to be of great value to every one in training for the 
practical applications of our scientific knowledge to any of our metallurgical 
operations. °——A thenmeum. 

“A work which is equally valuable to the Student as a Text-hook, and to the 
practical Smelter as a Standard Work of Reference. . . . The Illustrations 
are admirable examples of Wood Engraving.”— Chemical News. 


POYNTING (J. H,, Sc.D., F.RS., late Fellow 


of Trinity College, Cambridge; Professor of Physics, Mason College, 
irmingham): 

THE MEAN DENSITY OF THE EARTH: An Essay to 
which the Adams Prize was adjudged in 1893 in the University of 
Cambridge. In large 8vo, with Bibliography, Illustrations in the Text, 
and seven Lithographed Plates. 12s. 6d. 


“An account of this subject cannot fail to be uf G@uEat and GEEBRAL IN TaXBst to the acientific 
mind. fatly ts this the caas when the account is given by one who haa contributed so 
considerably as has Prof. Pet deely to our present state of knowledge with respest to a very 

Iteubject. . . . Remarkably hay Newton's estimate becn verified hy Prof. Poynting.”— 


POYNTING and THOMSON: TEXT-BOOK 
OF PHYSICS. (See under ZZomson), | 
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WORKS BY 


W. J, MACQUORN RANKINE, LL.D, ERS., 


Late Regius Professor of Civil Engineering Im the University of Glasgow. 
THOROUGHLY REVISED BY 


W. J. MILLAR, C.B., 
Late Secretary to the Institute of Engineers and Shipbuilders in Scotland. 


I. A MANUAL OF APPLIED MECHANICS: 


Comprising the Principles of Statics and Cinematics, and Theory of 
Structures, Mechanism, and Machines. With Numerous Diagrams. 
Crown 8vo, cloth, 12s. 6d. Foorteenru Enrrion. 


II. A MANUAL OF CIVIL ENGINEERING: 


Comprising Engineeriny Surveys, Karthwork, Foundations, Masonry, Car- 
pentry, Metal Work, Roads, Railways, Canals, Rivers, Waterworks, 
Harbours, &c. With Numerous Tables and Tllustrations. Crown 8vo, 
cloth, 163. Twentietu Epition,. 


Il. A MANUAL OF MACHINERY AND MILLWORK : 


Comprising the Geometry, Motions, Work, Strength, Construction, and 
Objects of Machines, &c. Illustrated with nearly 300 Woodcuta. 
Crown 8vo, cloth, 12s. 6d. SEventH Epirion. 


IV. A MANUAL OF THE STEAM-ENGINE AND OTHER 
PRIME MOVERS: 


With a Section on Gas, O11, and Arr Enernes. By Bryan Donkin, 
M.Tnst.C. EB. Crown Svo, cloth, J2s. 6d. Fourtesntit Epirron. 


V. USEFUL RULES AND TABLES: 


For Architects, Builders, Engineers, Founders, Mechanics, Shipbuilders, 
Surveyors, &e. With Appenvtix for the use of BLECTRICAL ENGINEERS. 
By Professor Jamirson, F.R.S.E. Seventn Eprrion, 10s. 6d, 


VI. A MECHANICAL TEXT-BOOK: 


A Practical and Simple Introduction to the Study of Mechanics. By 
Professor RANKINE and E. F. Bamser, C.E. With Numerous Ilus- 
trations. Crown 8vo, cloth, 9s. Foorra Epition. 


+." The “MecmanicaL Trxt-Book"’ was dengned by Professor Range as an Lerne- 
eucTion to the above Sertes of Manuals. 
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Pror. RANKINE’S WorKs—(Continued ). 


VII. MISCELLANEOUS SCIENTIFIC PAPERS. 
Royal 8vo. Cloth, 3ls. 6d. 


Part I. Papers relating to Temperature, Elasticity, and Expansion of 
Vapours, Liquids, and Solids. Part II. Papers on Energy and its Trans- 
formations, Part III. Papers on Wave-Forms, Propulsion of Vessels, &c. 


With Memoir by Professor Tait, M.A. Edited by W. J. Mituar, C.E. 
With fine Portrait on Steel, Plates, and Diagrams. 

“* No more enduring Memorial of Professor Rankine could be devised than the publica- 

tion of these papers in an accessible form. . . . The Collection is most valuable oa 

account of the nature of his discoveries, and the beauty and completeness of his analysis. 


: . The Volume exceeds in importance any work in the same department published 
in our time "—A rchitect. 


CALCAREOUS CEMENTS: 


THEIR NATURE, PREPARATION, AND USES. 


By GILBERT R. REDGRAVE, Assoc. Inst. C.E. 
With Illustrations. 8s. 6d. 


GENERAL CONTENTS.—Introduction—Historical Review of the Cement 
Industry—The Early Days of Portland Cement—Composition of Portland 
Cement—PROCESSES OF MANUFACTURE—The Washmill and the Backs— 
Flue and Chamber Drying Processes—Calcination of the Cement Mixture— 
Grinding of the Cement—Composition of Mortar and Concrete-—-CEMENT 
TESTING — CHEMICAL ANALYSIS of Portland Cement, Lime, and Raw 
Materials — Employment of Slags for Cement Making — Scott’s Cement, 
Selenitic Cement, and Cements produced from Sewage Sludge and the 
Refuse from Alkali Works — Plaster Cements — Specifications for Portland 
Cement—Appendices (Gases Evolved from Cement Works, Effects of Sea- 
water on Cement, Cost of Cement Manufacture, &c., &c.) 


* & work calculated to be of Great aud EXTENDED UTILITY.”’—Chemical News, 
“ IwvALUABLEe to the Student, Architect, and Engineer.”—Budiding News. 


“A work of the GREATEST INTEREST and USEFULNESS, which appears at a very critical. 
period of the Cement Trade."— Brit, Trade Journal. 


+} Will be useful to acy interested in the MaNUFACTURS, UsE, and Tasting of Oements,”— 
Engineer. 
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PETROLE U M 


AND ITS PRODUCTS: 
A PRACTICAL TREATISE. 


BY 


BOVERTON REDWOOD, 
F.R.S.E., F.L.C., Assoc. Inst. C.E., 
on. Corr. Mem of the imperial Russian Technical Society; Mem. of the American Chemical 


ociety ; Consulting Adviser to the Corporation of London under the 
Petroleum Acts, &c, &c. 


AssistEp By GEO. T. HOLLOWAY, F.1.C., Assoc. R.C.S., 
And Numerous Contributors. 


In Two Volumes, Large 8vo. Price 45s. 
With Humerous Maps, Plates, and Fllustrattons in the Text. 


GENERAL CONTENTS. 
I, General Historical Account of! VII. Transport, Storage, and Dis- 
the Petroleum Industry. tribution of Petroleum. 
II, Geological and Geographical IX. Testing of Petroleum. 
Distribution of Petroleum and X. Application and Uses of 


Natural Gas, Petroleum, 
I. Chemical and Physical Pro- XI. Legislation on Petroleum at 
perties of Petroleum. Home and Abroad, 
IV, Origin of Petroleum and Natural XII. Statistics of the Petroleum 
Gas. Production and the Petroleum 
V. Production of Petroleum, Trade, obtained from the 
Natural Gas, and Ozokerite. most trustworthy and official 
VI. The Refining of Petroleum. sources. 
VII, The Shale Of] and Allied In- 
dustries. 
“The MOST COMPREHENSIVE AND CONVENIENT ACCOUNT that has yet appeared 
of a gigantic industry which has made incalculable additions to the contort of 
civilised man. . . . The chapter dealing with the arrangement for STORAGE 


and TRANSPORT of GREAT PRACTICAL INTEREST. . . . The DIGEST of LEGIS- 
LATION on the subject cannot but prove of the GREATEST UTILITY. ”— The Times. 

“A SPLENDID CONTRIBUTION to our technical literature.” —Chemical News. 

“This THORUUGHLY STANDARD WORK . . . im every way EXCELLENT 
ir most fully and ably handled . . . could only have been produced 
by aman in the very exceptional position of the Author. . . . INDISPEN- 
SABLE to all who have to do with Petroleum, its APPLICATIONS, MANUFACTURE, 
STORAGE, or TRANSPORT.”-— ALining Journal. 

“We must concede to Mr. Redwood the distinction of having produced a 
treatise which must be admitted to the rank of THE INDISPENSABLES. It con- 
taius THE LAST WORD that can be said about Petroleum in any of its SCTENTIFIO, 
TECHNICAL, and LEGAL aspects, It would be difficult to conceive of a more 
comprehensive and explicit account of the geological conditions associated with 
the suppLy of Petroleum and the very practical question of its AMOUNT and 
pvURATION.”’—Journ. of Gas Lighting. 
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Royal 8vo, Handsome Cloth, 25s. 


THE STABILITY OF SHIPS. 


BY 


SIR EDWARD J. REED, K.C.B, F.RS., M.P., 


CNIGRT OF THE IMPERIAL ORDERS OF ST. STANILAUS OF RUSSIA; FRANCIS JOSEPH OF 
AUSTRIA; MEDJIDIE OF TURKEY; AND RISING SUN OF )APAN; VICE- 
PRESIDENT OF THE INSTITUTION OF NAVAL ARCHITECTS. 


With numerous Iilustrations and Tables, 


THs work has been written for the purses of aiid in the hands of Naval Constructors, 
Shipbuilders, Officers of the Royal and Mercantile Marines, and all Students of Naval Science, 
a complete Treatise upon the Stability of Ships, and is the only work in the English 


Language dealing exhaustively with the subject. 


In order to render the work complete for the purposes of the Shipbuilder, whether at 
home or abroad, the Methods of Calculation introduced by Mr. F K. Barnus, Mr. Gray, 
M.Reecu, M. Daymarp, and Mr. BENJAMIN, are all given separately, illustrated by 
Tables and worked-out examples. The book contains more than 200 Diagrams, and is 
illustrated by a large number of actual cases, derived from ships of all descriptions, but 
especially from ships of the Mercantile Marine. 


The work will thus be found to constitute the most comprehensive and exhaustive Treatise 
hitherto presented to the Profession on the Science of the STABILITY OF SHIPS. 


“ Sir Epwakp Reep's ‘STABILITY OF SHIPS’ 1s INVALUABLE. Init the STuDENT, new 
to the subject, will find the path prepared for him, and all difficulties explained with the 
utmost care and accuracy ; the SHiv-pRAUGHTSMAN will find all the methods of calculation at 
present in use fully explained and dlustrated, and accompanied by the Tables and Forms 
employed ; the SHipowngr will find the variations in the Stability of Ships due to differences 
in s and dimensions fully discussed, and the devices by which the state of his ships under 
all conditions may be graphically represented and easily understood ; the NAVAL AKCHITECT 
will find brought together and ready to his hand, a mass of information which he would other- 
wise have to seek in an almost endless variety of publications, and some of which he would 
possibly not be able to obtain at all elsewhere.” —Szeamshir 


‘This IMPORTANT AND VALUABLE WORK - . . cannot be too highly recommended to 
all connected with shipping interests.” — /ron 
** This vERY IMPORTANT TREATISE, . . . the MOST INTELLIGIBLR, INSTRUCTIVE, an 


COMPLETE that has ever appeared.”—-Naiure. 


“The wolume is an ESSENTIAL ONE for the shipbuilding profession”— 
Review. 


RICHMOND (H. Droop, F.C.S., Chemist to the 
Aylesbury Dairy Company) : 


DAIRY CHEMISTRY FOR DAIRY MANAGERS: A Practicak 
Handbook. (Grifén’s Technological Manuals.) 
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FOURTH EDITION, REVISED. With Additional Illustrations. Price 6s. 


PRACTICAL SANITATION: 


A HAND-BOOK FOR SANITARY INSPECTORS AND OTHERS 
INTERESTED IN SANITATION. 


By GEORGE REID, M.D., D.P.H., 


Fellow of the Sanitary Institute of Great Britain, and Medical Officer, 
Staffordshire County Councii. 


With an Appendtr on Sanitary Law. 


By HERBERT MANLEY, M.A, M.B., D.P.H,, 
Medical Officer of Health for the County Borough of West Bromwich. 


GENERAL CONTENTS.—Introduction— Water Supply: Drinking Water, 
Pollution of Water -Ventilation and Warming — Principles of Sewage 
Removal — Details of Drainage ; Refuse Removal and Disposal—Sanitary 
and Insanitary Work and Appliances—Details of Plumbers’ Work—Ilouse 
Construction — Infection and Disinfection — Food, Inspection of ; Charage- 
teristics of Good Meat; Meat, Milk, Fish, &c., unfit for Human Food~ 
Appendix: Sanitary Law; Model Bye-Laws, &c. 

‘“A VERY USEFUL HANDBOOK, with a very useful Appendix. We recommend 
it not only to SANITARY INSPECTORS, but to HOUSEHOLDERS and ALL interested 
in Sanitary matters.”—Sanitary Kecord. 


fn Large Svo, Handsome Cloth. 12s, 6d. 


DISINFECTION & DISINFECTANTS 


(AN INTRODUCTION TO THE STUDY OF). 


Together with an Account of the Chemical Substances used 
as Antisepties and Preservatives. 


By SAMUEL RIDEAL, D.Sc.Lonp., FIC. F.CS., 


Examiner in Chemistry to the Royal College of Physicians. formerly Lecturer on 
Chemistry, St. George’s Hospital Medical School, Ac, &c 


With Folding-Plate and Illustrations of the must Approved Modern 
Apphances. 


*.” "Notwithstanding the rapid development of Sanitary Science in this country, there does 
not exist at the E sbhons time in the Engush lauguage any book which deals exclusively with the 
composition of Disinrgcrasts. The present vorme will, therefore, supply a want which has 
been felt not only by the chemist and bacteriologist, but also by those whe are concerned with the 
practical work of disinfection, ..) .”-- EXTRACT FROM AUTUONR’S PREPACH. 

* Da. Ripgac’s volume is bound to prove of GREAT VALUB, hoth a8 @ PRACTICAL GUIDE and as a 
WORK OF KEFERENCK.”—Pharmaceutical Journal, 

‘CAN EXHAUSTIVE TREATISE, denling with the WHOLR RANGE of the subject :-—Disinfection by 
Heat, Chemical Disinfectants, Practical Methods, Personal Disinfection, Legal Regulations, an 
Methods of Analysis .. Bo very well done and so usgeruL that it will be valued by art 
connected with Sanitation and Public Dealth."-Chentist and Druggist. 

* A book that has Jong been wanted . . . will prove of VERY GREAT VALUR.”—Local Govern- 
ment Journal. 
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GRIFFIN’S “FIRST AID’? PUBLICATIONS. 
| On Dand., 


Tuirp Eptrion, Revisep. Large Vrown 8v0. Handsome Cloth. 4a. 


A MANUAL OF AMBULANCE. 


By J. SCOTT RIDDELL, C.M., M.B., M.A,, 


Assistant-Surgeon, Aberdeen Royal Infirmary; Lecturer and Examiner tu the Aberdeen 
Ambulance Association ; Examiner to the 8t. Andrew's Ambulance Association, 
Glasgow, and the St. John Ambulance Association, Loudon. 


With Numerous [ilustrations and Full Page Plates. 


General Contents.—Onutlines of Human Anatomy and Physiology— 
The Triangular Bandage and its Uses—The Roller Bandage and its Uses 
—Fractures—Dislocations and Sprains—H wmorrhage—W ounds—Insensi- 
bility and Fits—Asphyxia and Drowning - Suffocation— Poisoning— Burns, 
Frost-bite, and Sunstroke—Removal of Foreign Bodies from (a) The Eye; 
(b) The Ear; (c) The Nose; (d) The Throat; (+) The Tissues—Ambulance 
Transport and Stretcher Drill—The After-treatment of Ambulance Patients 
—Organisation and Management of Ambulance Classes—Appendix: Ex- 
amination Papers on First Aid. 


“A CAPITAL BOOK. . . . The directions are sHORT and CLEAR, and testy to the 
hand of an able surgeon.”—Edin, Med Journal. 

“ This little volurne seems to us wbout as good as it could possibly be. . . Contains 
practically every piece of information necessary to render First aid. . . . Should find 
ta place in EVKRY HOUBEHOLD LIBRARY.” —Latly Chronicie. 


“So ADMIRABLE is this work, that itis difficult to imagine how it could be better,” 
Colltery Guardian. 


a a OTR e eminent oe tRNA frie Str emennnmeene ha ter 


At Sea. 


Crown 8vo, Extra. Handsome Cloth. 6s. 


A MEDICAL AND SURGICAL HELP 


FOR SHIPMASTERS AND OFFICERS 
IN THE MERCHANT NAVY. 


INCLUDING 


FIRST AID TO THE INJURED. 
By WM. JOHNSON SMITH, F.R.GS, 


Principal Medical Officer, Seamen’s Hospital, Greenwich. 
With Coloured Plates and Numerous (ilustrations. 


*,* The attention of all interested in our Merchant Navy is requested to this exceedingly 
aseful and valuable work. It is needless to say that it is the outcome of many years’ 
PRACTICAL EXPERIENCE amonget Seamen. 

* SQunp, JUDICIOUS, REALLY HELPFUL,"— The Laneet. 

*T¢ would be dificult to find a Medical and Surgical Guide more clear and comprehensive 
than Mr. Jonwsow Surra, whose experience at the Grezenwice Hospitan eminently qualifies 
him for the task. . . . A MUST ATTRACTIVE WORK. . . We have read it from cover 
tocover. . . . Itgives clearly written advice to Masters and Officersin all medical and 
surgical matters likely to come before them when remote from the land and without « 
doctor, . . . We RECOMMEND the work to EvkexY Shipmaster and Officer."— Liverpool 
Journal af Oommerce. 
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Griffin's Metallurgical Series. 


STANDARD WORKS OF REFERENCE 


nea iuecOwiees. Assayers, Manufacturers, 
li interested in the evelopment of 
the Metallurgical Industries. 
EDITED BY 


W. C. ROBERTS-AUSTEN, C.B, F.R.S., 
CHEMIST AND ASSAYER TO THE ROYAL MINT; PROFESSOR OF METALLURGY IN 
THE ROYAL COLLEGE OF SCIENCE. 

In Large 8vo, Handsome Cloth. Wurth Illustrations. 





1. INTRODUCTION to the STUDY of METALLURGY. 
By the Eprtor. Fourru Epirron. — Revised and Enlarged, with 
New Illustrations, Micro-Photographic Plates of Different Varietics of 
Steel, and Folding Plate. 

‘No English text-book at all approaches this in the COMPLETENESS with 
which the most modérn views on the subject are dealt with. Professor Austen's 
volume will be INVALUABLE, not only to the student, but also to those whose 
knowledge of the art is far advanced." —Chemicai News. 

‘‘INVALUABLE tothe student. . . . Rich in matter not to be readily found 
elsewhere." — Athenaeum. 

‘* This volume amply realises the expectations formed as to the result of the 
labours of so eminent an authority, It is remarkable for its ORIGINALITY of coe 
ception and for the large amount of information which it contains. 
recommend every one who desires information not only to consult, but to STUDY 
this work."— Engineering. 

‘* Will at once take FRONT RANK as a text-book." —Sctence and Art. 

‘ Prof. ROBERTS- AUSTEN’ S book marks an epoch in the history of the teaching 
of metallurgy in this country.’"—/ndustries. 


2. GOLD (The Metallurgy of). By Tuos. Kirke Ross, 
D.Se., Assoc. R.S.M., F.1.C., of the Royal Mint. Seconp Epition, 
21s. (See p. 43). 

8. IRON (The Metallurgy of), By TuHos. TuRNEgr, 
Assoc. R.S.M., F.ILC., F.C.s5. 16s. (See p. 50). 


Wil be Published at Short Intervals, 

4, STEEL (The Metallurgy of). By F. W. Harsorp, 
Assoc. R.S.M., F.I.C. 

5. COPPER (The Metallurgy of). By TuHos. Giss, Assoc 
Royal School of Mines. 

6. METALLURGICAL MACHINERY: the Application of 
Engineering to Metallurgical Problems. HENRY CHARLES JENKINS, 
Wh.Sc., Assoc. R.S.M., Assoc. M. Inst.C. oo of the Royal Mint, 

7. ALLOYS. By the EDITOR. 


*.* Other Volumes in Prepdration. 
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SHCOND HDITION, Revised and Hnlarged. 
In Large 8vo, Handsome cloth, 34s. 


HYDRAULIC POWER 
HYDRAULIC MACHINERY. 


HENRY ROBINSON, M. Inst. C.E,, F.GS., 


FELLOW OF KING'S COLLEGE, LONDON; PROF. OF CIVIL ENGINBRRING, 
KING'S COLLEGE, ETC., RTC. 


With numerous Wlhoodcuts, and Sirty=nine Plates. 


GENERAL CONTENTS. 


Discharge through Orifices— Gauging Water by Weirs—Flow of Water 
through Pipes—The Accumulator— ‘The Flow of Solids—-Hydraulic Presses 
and Lifts—Cyclone Hydraulic Baling Press-—~Andeiton Hydraulic Lift— 
Hydraulic Hoists (Lifts)—The Otis Elevator—Mersey Railway Litts-—City 
and South London Railway Lifts—-Noith Hudson County Railway Elevator— 
Lifts for Subways—Hydraulic Ram—Pearsall’s Hydraulic Engine—~ Pumping- 
Engines—Three-Cylinder Engines—Brotherhood Engine-~Rigg’s Hydraulic 
Engine—-Hydraulic Capstans—- Hydraulic Traversers— Movable Jigger Hoist— 
Hydraulic Waggon Drop—Hyd raulic Jack~-Duckham’s Weighing Machine— 
Shop Tools—Tweddell’s Hydraulic Rivetter—Hydraulic Joggling Press— 
Tweddell’s Punching and Shearing Machine-—Flanging Machine—Hydraulic 
Centre Crane—Wrightson’s Balance Crane-- Hydraulic Power at the Forth 
Bridge—Cranes -~ Hydraulic Coal-Dischaiging Machines—IHydraulic Drill— 
Hydraulic Manhole Cutter—Hydraulic Drill at St. Gothard Tunnel—Motors 
with Variable Power—IHlydraulic Machinery on Board Ship—-Hydraulic Points 
and Crossings—fHydraulic Pile Driver— Hydraulic Pile screwing Apparatus— 
Hydraulic Excavator—Ball’s Pump Dredger-—llydraulic Power applied to 
Bridges— Dock-gate Machinery — Hydraulic Brake—Hydraulic Power applied 
to Gunnery— Centrifugal Pumps --Water Whecls—Turbines—Jet Propulsion— 
The Gerard-Varré Hydraulic Kailway—-Greathead’s Injector Hydrant—Snell’s 
Hydraulic Transport System—Greathead’s Shield—Grain Elevator at Frank- 
fort— Packing—Power Co-operation—Hull Hydraulic Power Company— 
London Hydraulic Power Company—Birmingham Hydraulic Power System 
—Niagara Falls—Cost of Hydraulic Power—Meters—-Schinheyder’s Pressure 
Regulator—Deacon’s Waste- Water Meter. 


* A Book of great Professional Usefulness," —Jron 


*,* The Seconn Enprrion of the above important work has been thoroughly revised and 
brought up to date. Many new full-page Plates have been added—the number being 
increased from 43 in the First Edition to 69 in the present. Full Prospectus, giving a 
description of the Plates, may be had on application to tbe Publishers. 
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SzoonD Epirion. Large 8vo. Handsome Cloth. 2]s. 


THE METALLURGY OF GOLD. 


T. KIRKE ROSE, D.Sc., Assoc.R.S.M., F.LC., 
Assistunt Assayer of the Royal Mint. 


Revised and partly LRe-written. Including the most recent Improve- 
ments in the Cyanide Process, and a new Chapter on Economic 
Considerations (Management, Cost, Output, &c.). With 
Frontispiece and additional Wustrations. 


LEADING FEATURES, 


1. Adapted for all who are interested in the Gold Mining Industry, beimg 
free trom technicalities as far as possible ; of special value to those enyaged in 
the industry—viz., mill-managers, reduction-officers, &c. 


2. The whole ground implied by the term ‘‘ Metallurgy of Gold” has been 
covered with equal care; the space is carefully apportioned to the various 
branches of the subject, according to their relative importance. 


3. The MacArruur-Forkist CYANIDE Process is fully described for the 
first time. By tlis process over £2,000,000 of gold per annum (at the rate of) is 
now being extracted, or nearly one-tenth of the total world’s production. The 
process, introduced im 1887, has only had short newspaper accuunts given of it 
agrees The chapters have been submitted to, and revised by, Mr. 

cArthur, and so freed from all possible inaccuracies. 


4. Among other new processes not previously described in a text-boak are— 
(1) The modern barre] chlorination process, practised with great success in 
Dakota, where the Black Hills district is undergoing rapid development owing 
to its introduction, (2) New processes for separating gold from silver—viz., the 
new Gutzkow process, and the Electrolytic process ; the cost of separation is 
reduced by them by one-half. 


fh. A new feature is the description of EXAc? METHODS employed in particular 
extraction works—Stamp-batteries of South Africa, Australia, New Zealand, 
California, Colorado, and Dakota; Chlorination works also, in many parts of 
the world ; Cyanide works of 8. Africa and New Zealand. These accounts are 
of special value to practical mnen. 


6. The bibliography is the first made since 1882. 


“Dr. Rose gained his experience in the Western States of America, but he has secured 
details of gold-working from au parts of the world, and these should be uf creat BERVICH. 
to practicalmen. . . . The four chapters on Chlorsnalton, written from the point of view 
alike of the practical] man and the chemist, TREM WITH CONSIDERATIONA HITHERTO UNRECOG- 
Niexp, and constitute an addition to the literature of Metallurgy, which will prove to be of 

classical yalue.''—Nature 


*The most complete description of the chlorination process which has yet been published. 
~ Mining Journal. 
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Companion-Volume to MM. Kneeht and Rawson’s ‘' Dyeing.” 
TEXTILE PRINTING: 


A PRACTICAL MANUAL. 


Including the Processes Used in the Printing of 
COTTON, WOOLLEN, SILK, and HALF-SILK FABRICS. 


By C. F. SEYMOUR ROTHWELL, F-CS., 


dfem. Soc. of Chemical Industrtes ; late Lecturer at the Munsctpe: Technical School, Manchester. 
In Large 8vo, with Illustrations and Printed Patterns. Price 21s. 


Ceneral Contents.—Introduction—The Machinery Used in Textile Printing 
—Thickeners and Mordants—The Printing of Cotton Goods— TheSteam Style 
—Colours Produced Directly on the Fibre—Dyed Styles-- Padding Style— 
Resist and Discharge Styles—The Printing of Compound Colcurings, &e.— 
The Printing of Woollen Goods—Yhe Printing of silk (oods-= Practical 
Recipes for Printing —Appendix— Useful Tables—Patterns. 


‘* By FAR THA BRST and MOST PRACTICAL BROOK ON TRXTILE PRINTING Which has yet been 
brought out, and will long remain the standard work on the subject. It is essentially 
practical mo character.”-—Zertile Mereury. 


“THE MOST PRACTICAL MANUAL Of TRXTILE PRINTING Which has yet appeared, We have 
no hesitution in recommending 1t "-—T7he Terrie “vanafacturer, 


‘UnpousTrpL) the bouk is THE Best Whict has appeared on TEXTILE PRINTING, and 
pelea jorms a Companion-Volume to ‘A Munual on Dyving. "—The Dyer and Calico 
rinter, 


SCHWACKHOFER and BROWNE: 


FUEL AND WATER: A Manual for Users of Steam and Water. 
By Prof. FRANZ SCHWACKHOFER of Vienna, and WALTER 
R. BROWNE, M.A., C.E., late Fellow of Trinity College, Cambridge. 
Demy 8vo, with Numerous Illustrations, 9/. 

Generat Contents.—Heat and Combustion--Fuel, Varieties of—Firing Arrange 


ments: Furnace, Flues, Chimney~- The Boiler, Choice of~- Varieties -- Feed-water 
Heaters— Steam Pipes— Water : Composition, Purification—Prevention of Scale, &c., &e 


‘The Section on Heat is one of the best and most lucid ever written.”"—Angrneer. 
** Cannot fail to be valuable to thousands using steam power.”—Rat/way Engineer. 


SHELTON-BEY (W. Vincent, Foreman to the 


Imperial Ottoman Gun Factories, Constantinople) : 
THE MECHANIC’S .GUIDE: A Hand-Book for Engineers and 


Artizans. With Copious Tables and Valuable Recipes for Practical Use.. 
Iustrated, Second Edition. Crown 8vo. Cloth, 4/6. 
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Thirteenth Edition. Price 2is. 
Demy 8vo, Cloth, With Numerous Illustrations, reduced from 
Working Drawings. 


MANUAL OF 


MARINE ENGINEERING: 


COMPRISING THE DESIGNING, CONSTRUCTION, AND 
WORKING OF MARINE MACHINERY. 


By A. E. SEATON, M. Inst. C. E., M. Inst. Mech. E., 
M.Inst.N.A. 
GENERAL CONTENTS. 
Part I.—Principles of Marine eulations for Cylinders, 


Propulsion. oe palves Expansion 
Part Il.—Principles of Steam ' YES, Se 
Engineering. : Part IV.—Propellers. 


Part Ill.—Details of Marine Part V.—Boilers. 
Engines: Design and Cal- Part VI.—Miscellaneous. 
** The THIRTEENTH EDITION includes a Chapter on WaTER- TUBE BoILEeRs, 
with Illustrations of the leading Types. 


or en cn tte 


“‘In the three-fold capacity of enabling a Student to Jearn how to design, construct, 
and work a Marine Steam-Engine, Mr.'Seaton’s Manual has NO RIVAL.”’— Times. 
“The important subject of Marine Engineering is here treated with the THOROUGH- 


NESS that It reaurres. No department has escaped attention. . . . Gives the 
results of much close study and practical RO en ete 
“By far the BEST MANUAL in existence. . . . Grves a complete account of the 


methods of solving, with the utmost possible economy, the problems before the Marine 
Engineer.’ — Athenwumn. 

“The Student, Draughtsman, and Engineer will find this work the MOST VALUABLB. 
HanpBook of Reference on the Marine Engine now in existence.”"— Marine > ~ 


Fourth Eprrion. With Diagrams. Pocket-Size, Leather. 8s. 6d. 
A POCKET-BOOK OF 


MARINE ENGINEERING RULES AND TABLES, 


FOR THE USE OF 


Marine Engineers, Naval Architects, Designers, Draughtsmen, 
Superintendents and Others. 


BY 
A. E. SEATON, M.IL.0.£, M.I.Mech.E., M.LN.A,, 
AND 


H. M. ROUNTHWAITE, M.1.Mech.E., M.IN.A. 


‘“‘ ADMIRABLY FULFILS its purpose.”-—Marine Engeneer. 


—e 
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WORKS BY A. HUMBOLDT SEXTON, F.1C., F.C.S., 


Professor of Metallurgy in the Glasgow and West of Scotland Technical College, 


In Large Crown 8v0, Handsome Cloth, 6s. 


ELEMENTARY METALLURGY 
(A TEXT-BOOK OF). 


Including the Author's Practica, Laporatory Course. 


With Numerous Illustrations. 


GENERAL CONTENTS.—Introduction—Properties of the Metals—Combustion 
—Fuels—Refractory Materials — Furnaces— Occurrence of the Metals in Natnre—Pre- 
paration of the Ore for the Smelter—Metallurgical Processes-—Iron: Preparation of 
Pig Iron—Malleable {ron—-Steel—Mild Steel—Copper—-Lead—Zine and Tin—Silver 
—Gold—Mercury ---Alloys---Applications of Evecrriciry to Metallurgy—Lanora- 
TORY COURSE WITH NumERovs PRACTICAL EXERCISES. 

‘The volume before us FULLY ENHANCES and confirms Pror. Sexron’s reputa- 
tion. . . . Just the kind of work for Students commMENCING the study of Metal- 
lurgy, or for ENGINEERING Students requiring a GENERAL KNOWLEDGE, of it, or 


for ENGINEERS in practice who like a HANDY WORK of REFERENCE. To all three 
classes we HEARTILY commend the work.”—/’ractical Hnyrucer. 


“* EXCELLENTLY got-up and WRLL-ARRANGED. . , . Iron and copper well 
explained by EXCELLENT diagrams showing the stages of the process from start to 
finish, . . . The most nover chapter is that on the many changes wrought 
in Metallurgical Methods by Evectrrerry.”--- Chemical Trade Journal. 

‘* Possesses the GREAT ADVANTAGE of giving a Couksk oF Practica Wor.” 
— Mining Journal. 


Sexton’s (Prof.) Outlines of Quantitative Analysis. 
FOR THE USE OF STUDENTS. 


With Illustrations. Fourtrn Evirios. Crown 8vo, Cloth, 3s. 


‘* A COMPACT LABORATORY GUIDE for beginners was wanted, and the want has 
been WELL SUPPLIED. . . , A good and useful book.”—ZLandcet, 


Sexton’s (Prof.) Outlines of Qualitative Analysis. 
FOR THE USE OF STUDENTS. 


With Illustrations. Turrp Epirion. Crown 8vo, Cloth, 3s. 6d. 


“* The work of a thoroughly practical chemist.”—British Dfedical Journal, 
** Compiled with great care, and will supply a want.”—Journal of Education. 
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In Large 8vo. Handsome Cloth. Price 21s. 


BREWING: 


(THE PRINCIPLES AND PRACTICE OF). 
FOR THE USE OF STUDENTS AND PRACTICAL MEN. 


BY 
WALTER J. SYKES, M.D., D.P.H., F.LC., 
EDITOR OF ‘THE ANALYST." 


With Ulustrations and Plates. 


*," This work is intended to present a description of the ruNnpa- 
MEN’ TAL PRINCIPLES On which the Art of Brewing is based, and also a bird’s 
eve view of that Art as carried on in accor dance with THE BrsT AND MOST 
SCIENTIFIC MODERN METHODS. 


In Large 8vo. Handsome Cloth. With numerous Illustrations. 


TECHNICAL MYCOLOQOCY: 


THE UTILIZATION OF MICRO-ORGANISMS IN THE 
ARTS AND MANUFACTURES. 


A Practical Handbook on Fermentation and Fermentative Pro- 
cesses for the Use of Brewers and Distillers, Analysts, 
Technical and Agricultural Chemists, and all 
interested in the Industries dependent 
on Fermentation. 

By Dr FRANZ LAFAR, 


Of the Royal Experimenta! Staton for Industries dependent on Fermentation, 
Hobenheim, near Stuttgart 


With an Introduction by Dr, EMIL CHR. HANSEN, Principal of the 
Carlsberg Laboratory, Copenhagen. 


TRANSLATED BY CHARLES T. C. SALTER. 


In Two Volumes, suid Se 


‘* It is hoped that the English vetsion of the First Volume of. this novel and 
important work will be issued in the autumn of 1897; that of the Second, during 1898. 
The extraordinary rdles played by Micro-organisms in Brewing and Distillinge— in the 
mannfroture of Sugar, of Vinegar, and Acetic Acid--in Tanning and Tobacco Manufac- 
ture---in Agricultural industries and the Proceases cunuected with the Dairy : Souring of 
Cream, Cheese-Ripening, &c., &c.—combine to make Dr. Lafar’s Text-Book one of great 
value and interest tu a very wide circle of readers. 


— 
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WORKS BY PROF. ROBERT H. SMITH, Assoc.M.I.C.E., 


MIME, MILELE, M.Fed. LMLE., Whit, Sch., M.Ord. Meiji. 


MEASUREMENT CONVERSIONS 
(English and French): 


28 GRAPHIC TABLES OR DIAGRAMS. 


Showing at a glance the Moruau Conversion of MEASUREMENTS 
in Dirrerent Units 


Of Lengths, Areas, Volumes, Weights, Stresses, Densities, Quantities 
of Work, Horse Powers, Temperatures, &c. 


For the use of Engineers, Surveyors, Architeets, and Contractors. 


In 4to, Boards. 7s. 6d. 


** Prof. Smrry’s ConvERSION-TABLES form the most unique and com- 
prehensive collection ever placed before the profession. By their use much 
time and labour will be saved, and the chances of error in calculation 
diminished. It is believed that henceforth no Engineer’s Office will be 
considered complete without them. 

“The work is INVALUABLE.”-—Colleery Guardian. 


hs Sognt to be in EVERY office where even occasional conversions are required. . . . Prof. 
Sarre’: Tables form very EXCRLLENT CHECKS on results. . . VERY USEFUL and good 
set of diagrams.”— Electrical Review. 


“ Prof. Smith deserves the hearty thanks, not only of the Enatnegr, but of the ComMMERCIAL 
Wonr.p, for having smoothed the way for the aboprion of the METRIC pYsTEM of MRASUREMBN?, 
a subject which is now assuming great importance as a factor in maintaming our HOLD upon 
PORBIGN TRADR. There can be no doubt that the antiquated system of Weights and Measures 
used in this country is doomed to be superseded by the much aimpler_ method of pacrman 
MEASUBRMENT. Tho sooner this is recognised, the better."—The Machinery Market. 


THE CALCULUS FOR ENGINEERS 
AND PHYSICISTS, 


Applied to Technical Problems. 
WITH EXTENSIVE 


CLASSIFIED REFERENCE LIST OF INTEGRALS. 
By PROF. ROBERT H. SMITH. 


ASSISTED BY 


ROBERT FRANKLIN MUIRHEAD, 


M,A., B.Sc. (Glasgow), B.A. (Cambridge), 


Formerly Clark Fellow of Glasgow University, and Lecturer on Mathematics at 
Mason College. 


In Crown 8vo, extra, with Diagrams and Folding-Plate. 8s. 6d. 
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By PROFESSORS J. J. THOMSON & POYNTING. 


in Large 8vo. Fully Illustrated. 


A TEXT-BOOK OF PHYSICS: 


COMPRISING 


PROPERTIES OF MATTER; HEAT; SOUND AND LIGHT; 
MAGNETISM AND ELECTRICITY. 


J. H. POYNTING, J. J. THOMSON, 
$C.D., F.R.8., AND M.A.) F.B.S., 
Late Fellow of 'lrinity College, Cambridge, Fellow of Trinity College, Cambridge; Prof, 
Professor of Pliysics, Mason College, of Experimental Physics in the University 
Birmingham. of Cambridge. 


Tuirp Eprrion, Revised and Enlarged. Pocket-Size, Leather, also for Office Use, Cloth, 124, 6d. 


BOILERS, MARINE AND LAND. 


THEIR CONSTRUCTION AND STRENGTH. 


A Hanpzoox or Ruizs, Formuns#, Tasies, &C,, RELATIVE TO MATERIAL, 
SCANTLINGS, AND Pressures, Sarery VaLvzs, SPRINGS, 
Firrines aND Mountinas, &0, 


For the Use of all Steam=Users. 
By T. W. TRAILL M. Inst. O.E., FE. RN,, 


Late Engineer Surveyor-in-Chief to the Board of Trade, 


*," To rue THinp Epirion many NEw Tasies have been added. 


“Very uniike any of the numerous treatises on Boilers which bave preceded it. . . . Really 
uscful, . . . Contains an Enormous Quartitry or INFORMATION arranged in a very convenient 
form, . . . Those who have to design boilers will find that they can settle the dimensions for any 
ylven ere with almost no calculation with its aid. . . . A MOST USEFUL VOLUME ; 
supplying information to be had nowhere elae."—"" ~** 

"As & handbook of rules, formule, tables, dc., relating to materials, scantlings, and pressures, this 
work will prove MOsT USKFUL. The name of the Author is a sufficient guarantee for its accuracy. It 
will save engineers, inspectors, and draughtamen a vast amount of calculation,’ —Nature, 

“By such an authority cannot but prove a welcome addition to the literature of the subject... . 
We can strongly recommend it as being the mos? COMPLETS, eminently practicalywork on the suhjact,” 
—Marine Bryineer. 

Yo the engineer and practical boiler-maker it wil! prove INVALUABLE. The tables in all 
bability are the most exhaustive yet published. »_+ +} Certainly deserves a place on the shelf ia 
the drawing office of every boller shop.”— Pructical ingineor. 
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rege 


GRIFFIN’S METALLURGICAL SERIES. 


THE METALLURGY OF IRON. 


THOMAS TURNER, Assoc.R.S.M., F.LC., 
Director of Technical Instruction to the Staffordshire County Council. 


In Large 8vo, Hanpsome Ciotna, Wita Numerous ILLUSTRATIONS 
(MANY FROM PHOTOGRAPHS). Prick 16s. 


GENERAL CONTENTS. 


Early History of Iron. | Slags and Fluxes of Iron Smelting. 
Modern History of Iron. i Properties of Cast Iron. 

The Age of Steel. | Foundry Practice. 

Chief Iron Ores. | Wrought Iron. 


Preparation of Iron Ores. Indirect Production of Wrought 
The Blast Furnace. Iron. 

The Air used in the Blast Furnace. The Puddling Process. 

Reactions of the Blast Furnace. Further Treatment of Wrought 
The Fuel used in the Blast Furnace. ; — Iron. 


Corrosion of Iron and steel. 


‘A MOST VALUABLE SUMMARY Of useful knowledge relating to every method and 
stage in the manufacture of cast and wrought iron down to the present moment , . 
particularly rich in chemical details. . . . An KXHAUSTIVE and REALLY NEKDED 
compilation by a MOST CAPABLE and THOROUGHLY UP-TO-paTs metallurgical 
authority .”— Bulletin of the American Iron and Steel Association, 

‘* This is A DRLIGHTFUL BOOK, giving, as it does, reliable information on a subject 
becoming every day more elaborate. . . . The account of the chief iron ores is, 
like the rest of this work, RICH in detail, . . . Foundry Practice has been made 
the subject of considerable investigation by the author, and forms an interesting and 
able chapter.”—Colliery Guardian. 

‘* Mr, Turner’s work comes at an opportune moment and in answer to & REAL 
DEMAND, , . . A THOROUGHLY USEFUL BOOK, which brings the subject uP To 
DATE, The author has produced an EMINENTLY READABLE BOOK, . . . What- 
ever he describes, he describes well. . . . There is much in the work that will be 
of GREAT VALUE to those engaged in the iron industry.”—Mining Journal, 


IN PREPARATION. 
CoMPANION-VOLUME ON 


THE METALLURGY OF STEEL. 
By F. W. HARBORD, Assoc. R.S.M., F.LC. 
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Taigp Eprrion. With Numerous Illustrations, Handsome Cloth. 8s. 


KNOW YOUR OWN SHIP. 


By THOMAS WALTON, Nava ARCHITECT. 


SPECIALLY ARRANGED TO SUIT THE REQUIREMENTS OF 


Ships’ Officers, Shipowners, Superintendents, Draughtsmen, 
Engineers, and others. This work explains, in a simple 
manner, such important subjects as :— 


Displacement, Deadweight, Tonnage, Freeboard, Moments, 
Buoyancy, Strain, Structure, Stability, Rolling, Ballasting, 
Loading, Shifting Cargoes, Admission of Water, 

Sail Area, &c., &c. 

[Grifin’s Nautical Series. 

“The little book will be found EXCEEDINGLY HANDY by most officers and 
officials connected with shipping. . Mr. Walton’s work will obtain 
LASTING SUOCESS, because of its unique fitness for those for whom it has been 
written,’ "Shipping World. 

‘An EXCELLENT WORK, full of solid instruction and INVALUABLE to every 
officer of the Mercantile Marine who has his profession at heart.”—Ship sy g. 

‘“* Not one of the 242 paves could well be spared. It will admirably fulfil its 
purpose .. . useful to ship owners, ship superintendents, ship draughts- 
men, and all interested in shipping.’ Liverpool Journal of Commerce. 

A mass of VERY USEFUL INFORMATION, accompanied by diagrams and illus- 
trations, is given in a compact form.” —# ‘airplay. 

“A large amount of MOST USEFUL INFORMATION is given in the volume. 
The book is certain to be of great service to those who desire to be thoroughly 
grounded in the subject of which it treats.” — Steamship. 

‘* We have found no one statement that we could have wished differently 
expressed. The matter has, so far as clearness allows, been rear con- 


densed, and is simple enough to be understood by every seaman arine 
Engineer. 


GAS AND OIL ENGINES: 


An Introductory Text-book on the Theory, Design, Construction, 
and Testing of Internal Combustion Engines without Boiler. 
FOR THE USE OF STUDENTS. 

BY 


Pror. W. H. WATKINSON, Wurrt. Scu., M.Inst.Mucu.k., 
Glasgow and West of Scotland Technical College. 


In Crown 8vo, extra, with Numerous Itlustrations. (Shortly. 
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WORKS BY DR. ALDER WRIGHT, F.RS. 


FIXED OILS, FATS, BUTTERS, AND WAXES: 


THEIR PREPARATION AND PROPERTIES, , 


And the Manufacture therefrom of Candles, Soaps, and 
Other Products. 


BY 


C. R. ALDER WRIGHT, D.Sc. F.R.S., 


Late Lecturer on Chemistry, St. Mary’s Hospital School; Examiner in ‘‘Soap” to the 
City and Guilds of London Institute. 


In Large 8vo. Handsome Cloth. With 144 Illustrations, 28s. 


“Dr. Wricut’s work will be found ABSOLUTELY INDISPENSABLE by every Chemist 
Txems with information valuable alike to the Analyst and the ‘Technical Chemist.” — 
The Analyst. 


‘Will rank as the STANDARD ENGLISH AUTHORITY on QO1Ls and Fats for many 
years to come.” —/ndustries and Iron. 


Sxoonp Eprriox. With very Numerous [ustrations. Handsome Cloth, 6s, 
Also Presentation Edition, Gilt and Gilt Edges, 7s. 6d. 


THE THRESHOLD OF SCIENCE: 


Simple and Amusing Experiments (over 400) in 
Chemistry and Physies. 


*," To the New Eprrion has been added an excellent chapter on the 
Systematic Order in which Class Experiments should be carried out for 
ucational purposes. 


‘“‘ Any one who may still bave doubts regarding the value of Elementary 
Science as an organ of education will speedily have his doubts dispelled, if he 
takes the trouble to understand the methods recommended by Dr. Alder 
Wright. The Additions to the New Edition will be of great service to all 
who wish to use the volume, not merely as a ‘ play-book,’ but as an instrument 
for the TRAINING of the MENTAL FACULTIES.”— Nature, 

‘Step by step the learner is here gently guided through the paths of science, 
made easy by the perfect knowledge of the teacher, and made flowery by the 
most striking and curious experiments. Well adapted to become the TREASURED 
raruny of many a bright promising lad.”— Manchester Examiner. 
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SCIENTIFIC AND TECHNOLOGIOAL WORKS. $3 


Engineering Drawing and Design 


(A TEXT-BOOK OF). 
Sreconp Epitiox. In Two Parts, Published Separately. 


Vou. I.—PRACTICAL GEOMETRY, PLANE, AND Soup. 33. 
Vou. Il.—Macuine anp Encine Drawine AnD Desien. 4s. 6d. 


SIDNEY H. WELLS, Wu3.S8c,, 


A.M.INST.C E., A.M.INST MRCH.E., 


Principal of, and Head of the Engineering Department in, the Battersea Polytechnic Inatitute ; 
formerly of the Enginecring Departments of the Yorkshire College, Leeds ; 
and Dulwich College, London. 


With many Illustrations, specially prepared for the Work, and numerous 
Examples, for the Use of Students in Technical Schools and Colleges. 


“A THOROUGHLY USEFUL WORK, exceedingly well written. For the many Examples and 


Questions we have nothing but praise.”— Nature. 
‘A CAPITAL TEXT-BOOK, arranged On an EXORLLEST SYSTEM, Calculated to give an intelligent 


rasp of the subject, and not the mere faculty of mechanical copying. . . . r. Wells shows 
how. to make COMPLETE WORKING-DBAWINGS, discussing fully each step in the design.”—lectrical 


Review. 
“The first book leads BASILY and NATURALLY towards the Np a Nak the technical pupi} 


is brought into contact with large and more complex designs.” — The Schoolmaster, 


The Art of the Goldsmith and Jeweller 


(A Manual for Students and Practical Men). 
By THOS. B. WIGLEY, 


Head of the Jewellers and Silversmiths’ Association Technical Schvol, Birmingham. 


ASSISTED BY 


J. H. STANSBIE, B.Sc. (Lonp.), F.LC., 


Lecturer at the Birmingham Municipal Technical School. 
In Large Crown 8vo., With Numerous [Mlustrations, 


Electrical Measurements & Instruments. 


A Practical Hand-book of Testing for the Electrical 
Engineer. 


By CHARLES H. YEAMAN, 


Assoc. Inst. E.E., formerly Electrical Engineer to the Corporation of Liverpool. 
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Fourteenth Annual Issue. Handsome cloth. 78. 6d. 


THE OFFICIAL YEAR-BOOK 


OF THE 


SCIENTIFIC AND LEARNED SOCIETIES OF GREAT BRITAIN 
AND IRELAND. 


COMPILED FROM OFFICIAL SOUROES. 


Comprising (together with other Official Information) LIST8 of the 
PAPERS read during 1896 before all the LEADING SOCIETIES throughout 
the Kingdom engaged in the following Departments of Research :— 


Science Generally: #.¢., Societies occupy- § 6. Economic Science and Statistics. 


ing themselves with several Branchesof § , Mechanical Science and Architecture 
Science, or with Science and Literature § 8. Navaland Military Science. 
jointly. | $ g. Agriculture and Horticulture 
$2. i ethenatics and Physics. | $x0. Law. 
§ 3. Chemistry and Photography. | $x. Literature. 
§ 4. Geology, Geography, and Mineralogy. { §12. Psychology. 
35. Biology, including Microscopy and An- | §13. Archzxology. 
thropology. §14. MepDicIne, 


‘‘ INDISPENSABLE to any one who may wish to keep himself 
abreast of the scientific work of the day.”—Adinburgh Medtcal 
Journal. 

“The Yzar-Book or SocreTigs is a Record which ought to be of the greatest use for 


the progress of Science."—Lord Playfair, F.R.S., K.C.8., M.P., Past-Presutent of the 


British Association. 
“Tt goes almost without saying that a Handbook of this le will be in time 


one of the most generally useful works for the lib or the desk "— The Times. 

writisn societies are now well represento. in the Year-Book of the Scientific and 
Learned Societies of Great Britain and Ireland.’’—(Art. ‘‘Societies" in New Edition of 
Encyclopaedia Britannica,” vol. xxii.) 


Copies of the First Issuz, giving an Account of the History, 
Organization, and Conditions of Membership of the various 
Societies, and forming the groundwork of the Series, may still be 
had, price 7/6. Also Coptes of the following Issues. 


The YZAR-BOOK OF SOCIETIES forms a complete INDEX TO 
THE SCIENTIFIC WORK Of the year in the various Departments, 
It is used as a ready Hanpsoox in all our great SclENTIFIC 
CENTRES, Museums, and Lisrarizs throughout the Kingdom, 
and has become an INDISPENSABLE BOOK OF REFERENCE to every 
one engaged in Scientific Work. 
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